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VANPORT STERILIZERS INC.

31 January 2007

ATTN. Dwayne Kalynchuk

General Manager, Environmental Services
Capital Regional District

PO Box 1000, 625 Fisgard Street

Victoria, B.C. V8W 286

Dear Sir,

garbage""nd{smls. With thls i)roposai we propose to devélop a sterlhzmg fi I,
cipal sewage based on i the use of dry; pillverlzed coal (DPC) The sterlllzedE
h

woul_d then be burned to generate pow f .er na og”“én plant that i al’§0

The combme{l CWS - PSH power plan

1) -IO
high speed descent and swirl to concentr , misohds forwe%ioval by gravity in a large
glory hole or spiral tunnel. The swirl concentrator could be built either atop or,
inside, mountains alongside the pipeline in an area extending from behind Mt.
Matheson to Mt. Macquire and Broom Hill and up to the upper watershed of the
Jordan River. The geology of the E. Sooke area is sedimentary and would permit the
rapid construction of tunnels (see attached route profile, CRD Eng. file # L-55-3).
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Concentrated solids and sludge would be discharged directly onto a bed of DPC that
is contained in mechanized coal slot storage devices built into the mountains (sce
attached brochure). As the DPC/sludge mix is discharged from the bottom of the
device, a supply of fresh coal is added at the top. The discharge is then conveyed to a
CWS fuel manufacture scheme that employs enclosed ball mills and tanks equipped
with slurry pumps that pipe it for injection into the power boiler.

Semi-clarified wastewater that exits the concentrator and the first filter would be
distributed into a series of progressively-larger coal filters that are sized with
sufficient capacity to ensure that effluent exiting the final filter is free of bacterial
and viral pathogens (note; the primary goal is to employ the filter to absorb
pathogens and hydrocarbons, it is not to employ coal as an ion exchange media to
treat contaminants by adsorbtion (see attached Rand Corp coal filter design).

The logistics of importing dry coal and exporting the spent coal to/from the filters
are dependent upon a final determination of the size of the power plant (e.g. 50 Mw
- 500 Mw). It is recognized that it would not be desirable to rebuild the old CNR
railway between Sooke and Leechtown. Alternatively, this section could accomodate
a pneumatic freight capsule pipeline that could extend through to Crofton, and, the
Jordan River watershed can also be accessed by proceeding west from Leechtown.

Coal could also be barged directly to Jordan River with the construction of a new
breakwater harbour and barge port. Spent coal discharged from the filters could
then be exported to the power plant by a small diameter CWS pipeline or, by a new
railway built alengside the highway to Jordan River. This route could also include a
pneumatic freight capsule pipeline or, a sealed pipe conveyor built into the existing
hydroelectric transmission line corridor from Jordan River.

A thermal power plant at Jordan River could also employ recycled wastewater for
plant cooling, as well as for capture of stack pollutants and greenhouse gases, with
GHG/CO2 then piped or barged for storage/sequestering either in the bottom
depths of Saanich Inlet or, in sealed mine tunnels at the abandoned Britannia Mine
near Squamish. This GHG control technology could also be applied to the operation
of 2 new cement plant at Bamberton that would source high quality limestone from
deposits near Leechtown or Lake Cowichan in order to also provide carbon-neutral
cement for the planned construction of a new water pipeline for the CRD, etc.

The upper watershed of the Jordan River is also rich in mineral resources, including
sand and gravel, garnet and tale (recycled wastewater could be employed to wash
gravel, export limestone slurry to Bamberton, etc.). Further, the upland topography
of the watershed provides numerous opportunities for installing advanced-design
phytoremediation and artificial wetland treatment processes for passive
attentuation and treatment of pollutants.
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PSH upgrades at Jordan River could also be supported by offshore wave and wind
turbine generator plants that would be employed to trickle-charge’ a series of super-
conducting batteries that would then be discharged to run the pumps. Ultimately,
given the availability of sufficient storage, it may also prove profitable to import
wastewater collected from other municipalities and pulp mills, via pipelines
connecting from Port Alberni and along the Nitanat to Lake Cowichan and down to
Crofton, across to Salt Spring Island via Sansum Narrows (cable-stayed pipe
bridge) where it would pick up a pipeline that would island-hop from Harmac and
down Thetis Island to Saltspring, and then across to Sidney and up the Saanich
Pennisula to connect with the pipeline from Victoria in Langford. An alternate
route would be to cross at the head of Saanich Inlet, possibly in combination with a
new swing railway bridge across the inlet to connect with the airport that could also
result in the installation of tidal power plants in the structure.

In summary, it has long been established that the cost of installing a 37 mi, long
pressure sewer pipeline to Jordan River is very competitive with the cost of building
a conventional treatment plant. It should also be recognized that a PSH plant will
generally achieve a very high return-on-investment because it produces firm energy
that has a premium value on the open electricity market and, if the infrastructure is
financed cither in whole or in part by wastewater disposal fees, then the cost-
effectiveness of PSH would be unassailable in comparison against other power
generation options. While BC Hydro may not like this fact because of its potentially
negative impact on its export markets and proposals to secure higher electricity
rates and more subsidies to other so-called ‘green energy’ producers, your
consultant should (again) not be dissuaded from considering pipeline designs that
are specific to operating a PSH plant (e.g. staged development of a multi-pipeline
corridor that begins with a single 36 in. dia. pipeline to cost-effectively handle the
average daily flow, rather than to handle, upfront, all projected future peak flows).

(Note; this proposal does not exclude the addition of high speed centrifuges in place
of a gravity swirl concentrator, nor does it exclude other conventional treatment
technologies or industrial sterilization methods in place of the coal filters, nor does it
exclude pumping sewage to a low-level ocean PSH plant with output recycled for
low cost production of hydrogen to fuel existing internal combustion engine
vehicles; use of nutrient-enriched effluent for offshore mariculture/aquaculture;
production/distribution of high quality artificial forestry soils-from-wastes, etc.).

Thanks again for you consideration, sincerely,

Richard Tennant, President

Attachments
Ce, Bob Elton, CEO, BC Hydro



(d)  Pumped Storege -Hydro

A pumped storage hydro project can be regarded as a "}'
large electric storage batter |

load periods, and is recharged by
In the generation mode,
hydrd project and water fl

s which generates Power during peak
pumping during low load periods.
this prOJect Operates as a conventional
ows from the Upper reservoir through the |

5.1  VANCOUVER ISLAND HYDRO PROJECTS - (Cont'd)

pewerp1ant to' the lower reservoir., In the pumping mode, the
generators and reversible pump-turbines of the powerplant are
operated as pumps to pump water from the 1ower reservoir back into
the upper reservoir.

The eff1c1ency of the pumping-generating cycle is usually
about 70 percent, i.e. for every kilowatt-hour of pump1ng power
used, about 0.7 kilowatt-hour can be recovered in the generat1ng
cycle, and the remaining 0.3 kilowatt~hour is lost in pumping and
turbine losses, hydraulic losses in the water conduits, generator
losses and transformer losses. A pumped stbrage project usually g
contains enough water in the upper reservoir to operate the power- :dfg
plant at full capacity for 10 to 20 hours. The upper reservoir et
must be refilled periedically through pumping, and the project -wﬁf
usually operates on a daily or weekly cycle of full to near empty
and then back to full again.

A pumped storage project does not generate any net
energy; in fact it actually consumes net energy as a result of -
pumping-generating cycle losses. The benefit of a pumped storage .

(L
reo

project is that it provides relatively low cost and dependable
generating capacity suitable for short duration peak load opera-
tion. It does not have the high fuel costs or Tlong start-up
times associated with gas turbines as a peaking alternative. For
most power systems, the incremental cost of pump1ng energy during :
base load periods is relatively low, and even after recovery of :f1f
on}y 70 percent of this energy, a pumped storage project can f ,r
provide fuel cost savings by reducing high cost fuel requirements 0
from gas turbine pro;ects and thermal peaking plants during peak N
load periods.



VOITH

"T'’he Ultimate In Recycling

Pumped storage - energy on demand - with no risk of
environmental pollution, enhancing natural resources.

Voith Hydro, Inc. - installing pump/turbines worldwide,
making possible the storage of electricity through water
power, truly the ultimate in recycling.

VOITH HYDRO, INC.

P.C. Box 712, York, Pennsylvania 17405
Tel. (717) 792-7000

Telex 4764013 - Telefax (717) 792-7263
CIRCLE 2 ON READER SERVICE CARD

Where performance counts ...Voith A member of the worldwide VOITH group
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in excess of 94%. Generators have efficiencies on the order of 98%. Thus the overall efficiency of
the turbine-generator can range from 88 to 92%.

23.2 TYPE OF HYDRO PLANTS
Hydro plants can generally be classified as conventional, pump storage, and tidal plants.
Conventional Hydro Plants 7

Conventional hydro plants can be classified in several ways: head, the way water is used with time,
on the relationship of the powerhouse to the intake, and on the way they are operated.

When classified by head, low-head plents have heads of less than 30 m, medium-head for heads of
30 to 200 m, and high-kead for heads greater than 200 m. .

If the powerhouse and intake are part of one single structure, the powerhouse is designated as an
integral powerhouse. The separate powerhouse is connected to the intake by means of a water conveyance
system. This system may be a canal, pipeline (penstock), or tunnel.

Plants are also classified by the way they use water with time. Run-of-river plants utilize the flow
as it is available up to plant capacity without storage. A regulating plant stores water for a short
term, such as daily or weekly. A storage project stores water during the rainy season for use in the
dry period of each year and may also store water for drought years.

Plants may be designated as basefoad plants if power can be produced continvously as needed.
Peaking plants are utilized for short daily periods to meet system peak loads.

Pump Storage Hydljo Plants

Pump storage hydro plants have been developed to provide peaking service through storing water by-
pumping it back to an upper réservoir using off:peak energy from the electric system. Water is recycled
generally on either a daily or a weekly basis. The early plants utilized a. separate turbine and pump
mounted on a shaft connected to a motor/generator, Today most new plants utilize a single impeller
to operate as a turbine in one direction and as a pump in the other, combined with a motor/generator.
The pump storage project requires two reservoirs, an upper reservoir and a lower reservoir. For medium
heads, an integral powerhouse may be used. At high heads, the separate powerhouse is most often
used. The trend is also to place the poweshouse underground to achieve greater construction economy.
In this case, it is connected 1o each reservoir by tunnels and shafts. A pump storage hydrc plant
returns approximately 2 kW of peaking power for each 3 kW consumed in the pumping cycle. .

A new concept under current study and development is the high-head underground powerhouse
and lower reservoir. Heads of 1000 to 3000 m are being discussed with total plants of up to 2000 -
MW. Such plants require relatively small volumes of water, operate at high rotation speeds, and do
not have the surface terrain restraints of the conventional pump storage. .

The compressed air energy storage sysiem is a hybrid pump storage system. It may use a small
surface water reservoir to equalize the pressure of the air in storage. These systems utilize gas turbines
to store compressed air in the low-load portion of the system cycle. This air is then used during the
peak period to achieve higher generating capacities. -

23.3 APPURTENANT STRUCTURES

A hydro plant reguires a combination of several major structures and equipment, to develop the
necessary head, to transport the water, and to operate the plant beside the turbine and generator.

Reservoir ;

—
Head is developed by stofing water in a reservoir. The reservoir may also operate to provide flow
regulation or long-term water storage.

Dams

Dams are used to divert fiow into water conveyance structures or to develop reservoirs. These structures
are commonly built of concrete, earthfill, rockfill, or earth and rockfill.

Intakes

The inlet for water to be carried te the powerhouse may be a separate structure from ¢ither the dam
or powerhouse. It may be integrated with a dam. The intake has trash racks, service gates, and emergency
pates.




Germany’s VEAG power
utility bopes to start
building the Goldisthal
pumped storage scheme

later this yea.

From Berlin, Patrick
Reynolds reports the
background to the long
awaited scheme and its

place in the energy

market.

arring any setbacks from this autumn’s

state and federal elections, eastern

Germany’s VEAG power utility should

start construction of the 1060MW
Goldisthal pumped storage scheme before win-
ter takes a grip (IWP&DC April).

The DM1500M (US$880M) scheme, first
mooted by the GDR, will be VEAG's main
hydroelectric project for the next decade.
Though a major investment, the proposed
scheme represents only about 5% of the utili-
ty’s planned expenditure in the same period.

Brown coal will continue to rule the roost in
eastern Germany’s energy market, underpin-
ning jobs and the economy.

The region is suffering severe unemploy-
ment, and even VEAG - its purchase being
negotiated by other utilities and the privatisa-
tion body, Treuhandanstalt - had to reduce ics
numbers considerably.

About 85% of the power in the year 2005
will be generated by lignite, supplemented by
hard-coal, and some energy supply-only deals,
especially with Danish utility Elkraft, allowing
the phased upgrading of the brown coal plants.

The marker stability of power generation is
being assured by an arrangement that eastern
Germany's 12 regional utilities must buy
70% of their power from VEAG. The utilities
transmit power at voltages up to 110kV, and
VEAG mainly uses voltages of 220kV and
380kV.

Pumped storage is the dominant form of
hydroelectricity in the region, satisfying peaks
in power demand. VEAG has' six main
hydropower plants - Markershach (1050MW),
Hoheawarte I {(320MW), Niederwartha
(120MW), Bieiloch (80MW), Wendefurth
{80MW), and Hohenwarte [ (63MW).

The first, Hohenwarte, was built in the
1940s. Markersbach, finished in 1981, will the
main pumped storage plant working with the
new facility at Goldisthal, at the river
Schwarza near Neuhaus in Thuringia.

Studies on the Goldisthal scheme were start-
ed in the 1960s by Hydroprojekt, the design
arm of the GDR’s VEB Spezialbaukombinat
Wasserbau, ‘especially geological studies,’ says
VEAG' hydropower manager Wolfgang
Bogenrieder.

Tailrace
Tunnels

Penstock yy
Tunnels

/

Machine
Hall

~=1 Schematlc drawing of Goldisthal pumped storage scheme’s underground works,

o International Water Powver & Dant Construction

May 1994




" approximately

- of 10 years.

4 6 Other Factors

Energy benefits not quantified in the analysm include (a)
ategic - diversity of energy sources, (b) insurance against

'unpredlctable increases in primary energy costs, (¢) non-polution of
“the environment, and (d) long operating life (perhaps 100 years).

While benefit of long life cannot be easily quantified, its value in

© 1989 money would be in excess of £550 million annually provided

that the debt had been fully discharged.

4.7 Mersey Barra,

A preliminary study has recently been completed on the
proposed Mersey Barrage. The capacity of this development is
one tenth of that of the proposed Severn
Cardiff-Western Scheme., The proposed development would appear
to take prominencé over the Cardiff-Western Barrage at this time.
This is on account of greatly reduced investment that would be
reguired,

A disadvantage of tidal
determined by the moon's position,

power is that its- availability is

5. PUMPED STORAGE

During periods of low demand surplus capacity_is used to pump
water to an upper reservoir, and when the " demand peaks the water
is used to generate electricity. Because of the nature of pumped
storage, schemes can only be developed in mountainous areas, but,
unlike large-scale hydro, there are a number of sites which could be
developed -in the U.K. such as Craigroyston above Loch Lomond.

The economic case for pumped storage rests on low capital cost
per installed kW in comparison with thermal plant and improved
flexibility of operation. Savings are made by avoiding use of the

_ more expensive -plant except In - exceptional demand or loss of

generation. Installed pumped storage plant in the UK. relative to
installed generating capacity is much lower than in most industrial
countries. This Is on account of area where pumped storage can be
located and transmission restrictions between generation and load
demand. Pumped storage does not produce energy. It is an
effective- method of storing large amounts of electrical power.
Conversion efficiency is typically 75% pumping to generating.

5.1 Craigrovston ‘ )

Feasibility studies for a pumped storage plant at Craigroyston
were undertaken by the NSHEB in the early 1970'. The
development was for a 1600 MW scheme with a maximum storage
capacity of 32 GWh and costing of the order of £330 per kW at
January 1989 prices [5]. An alternative developemnt rated at 3200
MW was also considered. Construction time would be of the order
Such a scheme is not required until at least the yesr
2000 on account of surplus generating capacity in Scotland together
with transmission restrictions between the generation and load areas
in England, The situation could change if a high—capacity HVDC
line is constructed between Scotland and England as part of &
HVDC power link between Iceland and the UK, .

3.2 Capacity

There is 1728 MW of pumped storage at Dinorwig, N. Wales
which will be owned and operated by the Grid Company. There
are 400 MW and 300 MW pumped storage plants at Cruachan and
Foyers respectively in Scottand which at present, are owned and
operated by the NSHEB. Under privatisation the 400 MW Cruachan
plant will be transferred to the private electnclty cornpany which will
succeed the SSEB.

6. SMALL-SCALE AND LOW-HEAD HYDRO

At presu:nt installed capacity of hydro generation in cominuous
operation in the UK. is of the order of 1762 MW, representing
approximately 2% of U.K. generating capacity at this time. Up to
500 MW of additional capacity corresponding to 1.8- TWhiyear could
be developed by utilising small-scale and low-head schemes. This
represents less than 1% of current electricity demand [1], [6).

Small-scale hydro is associated with a power range. of up to
1MW and heads greater than about 3m. Factors such as
compensation water and fisheries limits the potentlal which couwld be
exploited in the UK. However, the 1989 Water Bill which imposes
only zdministrative costs of leencing stations smaller than § MW,

" arise.

613

U.K. small-scale, low—head schemes. - -

Drawbacks in' economic terms are high capital Investment and
payback periods of up to- 12 years. Specific schemes will be viable .
in the 1990's and water authorities have found it vnablc in specific, LN
cases to produce electricity themselves, r

I
7. WIND POWER f
f

The cost of electricity produced by wind power in the UK‘
based on January 1989 prices is given as 3.0 ~ S5.0p/kWh [7]. This
compares quite favourably with cost of emergy from fossil and
nuelear plant, Awvailability of existlng wind farm power plant could
be improved

In California, where 95% of current world wind power is
generated, average availability of wind turbines is not high. New
wind farm turbines achieve an availability which Is significantly
better, Current cost of wind turbines in the UK. is £530/kW, but
this cost would be expected to reduce considerably by bulk supply.

UK. land-based wind turbines could, if developed, produce
45TWh/year equivalent to 17% of present UK, demand.
Theoretical studies suggest that up to 50% of generating capacity
could be wind power plant before system operating problems would
Installing a thousand MWs or more of wind turbines should
therefore have no adverse effect on power system operation in the
UK. ’

Estimates made recently by the Chairman of the CEGB intimate
that wind ‘energy could save burning 1 million tonnes. of coal a year
in the UK. by the year 2000, and could supply 1000 MW of power
by the year 2005, 1% of the country's electricity requirements. At
present there -are four experimental 1 MW wind turbines in
operation at Carmarthen Bay (North Wales), and two more are
expected to be erected at the same site. There 8 a 3 MW wind
power plant in operation at Burgar Hill in Orkney (Scotland} at this
time, 3 wind farms are at the planning stage. The first wind farm
is expected to- be constructed at Capel Cyon in S.Wales in 1990,
with others to follow in 1991 (Cornwall) and 1992 (Durham), Each
wind farm will comprise 25 machines with & total capacity per farm
of 8 MW,

It should be noted that if wind power were to produce 20% of
current needs some 20,000 machines similar to one of the 1 MW
machines at Burgar Hill in Orkney would be required. There are
180,000 wind turbine sites on the U.K. landmass which would be
suitable for wind turbines, but when national parks and aress of
outstanding natural ' beauty are excluded  this figure Is reduced to
144,000 sites.

Wind farms are a prospect for producing a Ilmited amount

.electrical energy in the U.K. at this ume

8 NORTH SEA GAS

A report in 1988 suggests that gas would increase its share of
Buropean power generation from 5% in 1988 to 16% by 2010.
Most of this would come from combined cycle plant.

Until the early 1980's small-scale gas turbine unils were
used for peak lopping in electricity utilities and industrizl plant.
Developments in the aero engine sector in recent years have led to
units rated at 200 MW or more becoming available. Gas turbine
stations can be fitted with a waste heat boiler and a steam
turbine—generator to increase output and thermal efficiency thus
avoiding problems of siting new plant. In recent months, the
NSHEB have entered into a contract with an oil company to supply
natural gas at a sufficiently low price to make it economical to
convert the 1320 MW Peterhead power station to gas. The station
may operate base—load on North Sea Gas.

* In addition; private: consortia have suggested that a 1000 MW
combined cycle gas turbine power plant located In the London area
would be viable and save £2000m ~ £2500m at Januvary 1989 prices
within 40 vyears of commissioning based on cost of nuclear
generation.

9. SMAII-SCALE COAL-FIRED PLANT

Privatisation of electricity supply could lead to a signiflcant
reduction in the number of new large coal-fired power stations (1800
MW or more) since initlal costs of construction of large power
plants are high and payback perlods long. A recent debate in the
House of Lords suggested that new coal-fired power stations would
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The future of hydropower
will include distributed
pumped storage systems

o tackle local demand

peaks and provide grid
balancing services.
However, US electricity
market conditions have
delayed their debut,
thougb they could be'a
useful tool for economic -
Salmon protection,
reports Patrick Reynolds.

Fig 1. Smaller, locally
placed pumped storage
plants could offer utilities
system balancing benefits
at investment rates
comparable with gas-fired
plants, but with extra

‘transmission grids - rather like wheel balanc-

effectively still on the drawing board.

" Modular Pumped Storage systems (DPS/

istributed, or modular, pumped stor- -
age systems developed in the US are
virtual off-the-shelf economic pack-
ages designed for localised load bal-
ancing and meeting demand peaks in

ing using carefully positioned small weights.

However, with the US new power capacity
market being dominated by gas-fired genera-
tion, coupled with depressed electricity prices
and utilities playing the wait-and-seé invest-
ment game over de-regulation, the project
packages have remained not only on the shelf;
in terms of convincing the market, they are

Despite the current difficulties, Distribured/

MPS), like conventional pumped storage
plants, offer marked benefits to overall power -
system performance. Particular dynamic oper-
ating benefits for a host grid using carefully
located DPS plants can include peaking capac-
ity, load following, operating and spinning
reserve, voltage and power factor correction
and frequency regulation. o

On a wider, economic viewpoint, pumped
storage plants offer many other benefits: they
ean help- optimise energy transfer costs, the
cheapest power sources on a utility. system dis-
placing the higher cost energy sources; thermal
plant cycling can be reduced, with consequent
operation and maintenarice cost saving, plant
life extension, and reduced air emissions with
improved incremental plant efficiency. '

Pumped storage’s quick start capability
qualifies as operating reserve, in the stand-stii]
mode, and as spinning reserve; it can then help
reduce thermal plant fuel costs and further
reduce air emissions. Further, the closed cycle
DPS plants cely only on groundwater, usually,
so can help isolate a utility from possible fuel
price hikes. )

Away from thermal plants, in ‘dry’ years the

] environmental and strategic
benefits.
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closed-loop plants could even partially. replace
some conventional hydropower plants, which
rely on surface waters, especially,those used for
peaking. : o

So, while offering much of the same benefits
as conventional pumped storage plants, why is
there a need for DPS plants? Quite simply, to
save'cost and so compete with gas-fired peak-
ing plants through scale and positioning bene-
fits. '

As one engineer comments, pumped storage
has typically been looked at from the point of
view: ‘if it ain’t 1000MW it’s niot worth doing,
but with DPS you can have a little ‘ol’ 200MW
plant.” And, being usually independent of sur-
face waters, the closer to a grid demand centre
such a relatively small facility can be placed,
the smaller it needs to be, setting the scene for
200MW plants or even smaller.

Prime mover behind the DPS concept devel-
opment, Rick Koebbe, now Vice President
with Energy Unlimited, has spent five years .
developing the concept with a small group of
enthusiastic industry colleagues. “We’re part-
nering with people we have faith in, in a con-
cept whose time will come,” says one associate,
Herb Vernon, Vice President of sales & mar-

-keting with ABB Phoenix Controls. Vernon

talks of investing time, money, engineering tal-
ent and pateience in the concept he is backing.

Koebbe explains that the development years
have brought down the installation cast of DPS

* plants, from an initial US$1000/kW to about

US$750/kW to compete with gas-fired plants.

- The current per kilowatt power cost beats that

of gas-fired baseload plants by some US$50-
150, though is still slightly more expensive
than gas-fired peaking costs. However, the DPS
cost is now in'the same ballpark as the compe-

. International Water Power & Dam Construction June 1995




< The teclmo]ogy, therefo
_in‘thé Future of the troub
_ sector:at least, and pr
mented internationally.-
In the meantime, though,

push for power sales deals contmucs, despite

utilities wavering on invéstments, with Koebbe
going for greater DPS efficiencies and even
lower cost of installed power. He is convinced
. that 200MW DPS projects are viable options,
" such as the proposcd Brink prOJect Utah (see
box). :

Koebbe says that there are no new techno--

logica} risks involved with the DPS concept,
- which is based on ten pumping-generating

cycles per day to minimise maintenance costs -

“although this figure can be varied.

‘What would certainly be new would be the

_reduced environmental impact from a pumped
storage scheme, even one so small. With a

closed water circulation system, based-on ini- -

tial and top-up groundwater supplies, a DPS
project would lave no inflow or outflow
needs, he says, ‘unlike a conventional
hydropower or pumped storage project.

Going a major step further along the envi-
ronmental protection path, a modified DPS
could help protect fisheries in the US
Northwest - modified with an inflow/ outflow
arrangement. The developers believe that DP$
could store waters released to eitsure minimum
river flows for salmon but which is often not
the best time for generation according to elec-
tricity market conditions. The ‘lost revenue’
could be recouped as water stored for genera-
tiom at a more profitable market time.

Despite masterminding the development of
the fast-track concept, though, Koebbe has
competition. Having started off developing the
concept when working with Peak Power - it
was then called Modular Pumped Storage - he
- moved on to LB Industries two years ago when
the company was bought by Magma Power,
before joining Energy Unlimired. Magma
Power was itself subsequently purchased by
California Ehergy in February this year for
more than US$S00M.

California Energy, through Peak Power, is
also seeking MPS licences and is keeping the
applications to the Federal Energy Regulatory

Commission valid on a quarterly basis.

However, neither have any power purchase
agreements so far, says Vince Fesmire, Vice
President of Construction & Implementation.
One utility project which has been continu-
ally chased is the proposed 200MW Sheep
Mountain MPS plant to help meet Nevada
Power’s need for extra capacity. The utility,
though, recently stopped negotiations with all
bidders in light of the changing electric power
economic picture as prices continued to fall.
-As the expanded California Energy compa-
ny focuses primarily on geothermal energy,
there is some industry speculation that Peak
. Power may be sold off or bid for in the near
future. With a pretty bleak US generauon con-
struction market, California Energy is active in
a number of projects in SE Asia. It does not
intend, though, to push the MPS concept inter-
nationally in the near future. says Fesmire.

| &—— [Turbine’ !
Pump —> |No Load ,
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Fig 2. The small distributed /modular
pumped storage {P.S) plants ean

\Synchronous/
.-} operate In many modes, like
L " | conventional PS plants.

Condenser R

-

) ‘bc housed underground in a caissonstyle powerhouse, to be excavated on | :
side of the lower reservoir. The powerhouse silo would be topped of by a geodesic

Taklng hydro to the Brmk

The 200MW Brmk pumpcd storage prolcct w1th two’ smglc stage revermble umt;s,
has been proposed for an undeveloped site in Sevier County, Utah, southeast 6f
Richfreld.

With the rights to the estlmated US$150M project from his previous employer,

.Rick Koebbe proposes that the closed, distributed pumped storage system (DPS) be
~installed to meet a utility’s power needs - incliding peaking power; load following, -

spinning reserve, voltage and fréquency support - possibly that of PacifiCozp.

Koebbeé’s Brink design has the two reversible pump-turbine units operating under
a gross head of about 1000ft (305m). With 10 hours running at full generating -
capacity, the DPS plant would have 2GWh of available total energy storage, he says.

- Water to initially fill the DPS facility and replace evaporation losses would be
tapped off a Jocal aquifer in Bear Valley, says Koebbe, Subsequently, there should be .
nio need for water from any river or existing reservoir, no reliance on rainfall trap-"
ping and consequently ng inflow to the plant. Furthet, there will be no outflow: - .:

The closed system’s project’s: electrical and mechamcaleqmpmcnt arg plannedto 1

dome, removable for major maintenance work. .

A 13.8kV powerhouse cable would be linked to df adjacent, suface switchyard
for stepping up to the utility’s 230kV grid voltage and connection to the grid at a
nearby substation.

Herb Vernon says that modulansanon is also the central philosophy for the con-
trol of the DPS projects. Such an approach allows best sensitivity and adaptability
toa customer’s proposed operating regime, he explains. ,

DPS plants would have a hierarchical control structure based on micro-processor
based automatic controllers, he says, from wicket gate control level up to pump-tur-
bine unit control level and then plant control. Unit controls would have the capabil-
ity to link up with the owners EMS systern, should that arrangement suit a client.

Further, the plant controller could be interrogated from various headquarters to
process trending and performance data for analyses.

The automated control system would work within pre-programmed settings for
flow, power or scheduled output, he says, based on signals from the urility despatch-
er. Headquarters could re-programme the micro-processor controls to optimise unit
performance or change operating strategy over time. The proposed control package
for Brink contains this arrangement.

Vernon also explains that the control system is standardised in three main ways:
ar the hardware, software platform and software control algorithm levels. The soft-
ware and hardware platforms are off-the-shelf. SCADA-based software is modified
to utility grade, he says. Standard, proven control algorithms ensure that the design-
ers don’t have to totally re- engmeer the set up for each new project, “so really keep-
ing costs down and reliability up,’ he says.




VANPORT STERILIZERS INC.

Jorvic Pumped Storage Project — Overview

Since 1988, VPS has proposed to BC Hydro and various government
- agencies various pumped storage plants to upgrade the Jordan River
Hydroelectric Project (JRHP) including;

- Conventional Pumped Hydro (CPH) from the abandoned
Forebay Reservoir to Bear Creek Reservoir and/or from
Boneyard Lake up to a new summit reservoir located at the 500 M
level;

- Ocean Pumped Hydro (OPH) from offshore to Forebay
Reservoir;

- Compressed Air Pumped Storage (CAPS) to/from Sunro Mine
tunnels;

- Hybrid Pumped Storage (HPS) from Victoria with municipal
wastewater, possibly in combination with all of the above.

HPS has been the primary marketing focus as it was assumed that BC
Hydro would be attracted by the economics of a new storage
infrastructure that would be paid for by municipal taxpayers.

Finally, HPS assessment has mostly been on the basis of its waste
treatment technology, rather than on the economics of merchant power,
recycled water and artificial soils markets. BC Hydro has never made
any reference to the competitive economics of such a ‘peaker’ plant
versus the import or export of natural gas or electricity, it has never
offered to review the impact of such a generic technology on its energy
generation system, and, it has never offered to support a review of
either the Jorvic or the proposed Britannia Mines pumped storage
projects as possible catalysts for more cost-effective alternatives to the
currently-proposed list of ‘Gateway’, ‘P3” and ‘Hydrogen Highway’
projects.
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4.5 Labadie Power Station

In a variant of the V-shaped bunker, Union Electric Compar
constructed a one-sided-siot at its Labadie, Missouri, pow
station as part of a facility for biending high- and low-sulf
coal {Fig. 4). Low-sulfur coal unloaded from unit trains by
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Fig. 4: Stacker-berm coal storage schema for Union Electric Company|
Labadie Generating Station '

rail-mounted traveling stacker is discharged from the top
an 18m high, 158 m long Reinforced Earth berm. Ce:
slides down the 60degree incline to a 45,450 ton I
storage pile above the reclaim tunnel.

Coal either is shifted from live storage to a 1.38 millien o
dead storage pile alongside the reclaim tunne! or is ser
directly to the 2,300 MW boilers. The dead storage pile Sufi
ports the opposite side of the live storage sector. A conveys
in a sscond tunnel, below and perpendicular to the reclas
tunnel, carries the coal to another conveyor where it |
blended with high-sulfur coal before going to the boifers..

The berm sits on an old ash pond, which may cause th
berm to settle up to 6.6 m. Reinforced Earth was chosen fa
this site because it resisis the stress of foundation settle
ment. ' '

4.6 Glory Holes

In an extension of its use in storage slcts, sfoping Reinforce
Earth walls have been used to construct “glory hole™-typg
storage facilities. These struciures are inveried, conicei
polygons used for five coal storage. An overhead conveyo
feeds coal into the center of the hole from which it is metere
to a reclaim conveyor. 1

One such structure stores coal near Marissa, lllinois, wher
material from several local mines travels by overland cor,
veyor {0 an eight-sided glory hale, which acts as a surge pil
to compensate for the differences between mining and pra
cessing rates (Fig. 5). The 27,200 ton capacity hole tapers t!
a 9.15m throat from a ground leve! diameter of B0 m.
vibrating feeder helow the throat discharges cozl onto a cor
veyor that goes to a processing plant.

A glory hole built by Coors Energy Company at jits Keenee
burg Mine in Colorado, provides 18,000 tons of five storag
in the delivery system bstween the crushers and truck loag
out. A 2.6 m diameter lowering well at the center minimize
dust generation and supporis a loading conveyor. A casi-in
place butlressed parapst atop the structure increase
storage voluime and supporis the roof. :

g
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Abstract ,

A method has been developed for concentration of enteroviruses from untreated and treated doimiestic wastewater
using bituminous coal bed as a virus adsorbent. A bed made from 1.5g of 120mesh coal powder was used for
concentrating enteroviruses from 100 ml of clarified sewage at different pH values with and without addition of AlCl;.
To enhance the adsorption of viruses, requisite quantities of aluminium chloride were added so that a final
concentration of 0.0005M could be achieved. At pH 3.0 maximum adsorption (82.8%) of poliovirus type 1 from
artificially contaminated clarified sewage was observed without addition of AICl;. However, at pH 5.0 maximum virus
adsorption of 98.7% was achieved after addition of aluminium chloride. An average recovery of 86.9% of adsorbed
viruses at pH 5.0 was achieved from coal bed with 3% flocculating beef extract at pH 9.5,

This method for concentration of enteroviruses incorporating use of coal was compared with that of Millipore
membrane filter method applied to raw sewage and clarified sewage. The results obtained from the methodology using
coal as adsorbent was subjected to Student's “¢” test and it was observed that its cfficiency is confirmed for recovery of
enteroviruses from raw and nonclarified sewage. These results are also comparable with that obtained with MF
method. The results presented in this paper are indicative of the potential of this method for both treated and raw
sewage. © 2002 Elsevier Science Ltd. All rights reserved,

" Keywords: Coal bed; Poliovirus; Raw sewage; Stabilization pond efﬂueﬁt; Adsorption; Elution; Flocculating beef extract; Beef extract
in Mcllvaine buffer - '

1. Introduction Enteroviruses detected in sewage are contributed not

only by diseased persons but also by healthy children in
the age group of I-15 years [4]. These viruses are also
detected in the ground, surface and sea water [5-91.
Faecal contamination of drinking water sources (ground
and surface water) may cause viral outbreaks [10,11].
The concentration of enteroviruses in sewage varies
depending upon the socio-economic and hygienic con-

In India, the per capita water requirement is increas-
ing every year due to increase in population. This results
in the generation of large quantities of domestic waste-
water that contains bacterial pathogens and viruses.
More than 100 types of enteroviruses are present in
sewage. Among these, the most important waterborne
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viruses are infectious hepatitis viruses, rotaviruses and
polioviruses which are responsible for causing epidemics
of infectious hepatitis, gastroenteritis and poliomyelitis,
respectively {1-3].

*Corresponding author. Tel.: +91-712-226071; fax: +91-
712-222725.
E-mail address: dirnesri@nagpur.doLnet.in, shlakhe@
yahoo.co.uk (5.B. Lakhe).

dition of the people in the community. Rao et al. [12]
and Buras [13] detected 11,572 and 10,60,000 PFU/l in
sewage from Nagpur (India) and Haifa (Israel), respec-
tively.

Several methods were reported for concentration of
viruses from sewage fi2,14-16], Microporous membrane
filter (MF) method is widely used for concentrating
enteroviruses from sewage and effluent. In this method,
low recovery of viruses from sewage was reported [17,18]

0043-1354/02/8 - see front matter © 2002 Elsevier Science Lid. All rights reserved.
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for average recovery of adsorbed viruses at pH 3.0, 4.0
and 5.0 were 73.1%, 74.1% and 36.9%, respectively.
This showed that maximum virus recovery occurred at
pH 5.0. It has been observed from the results that
maximum adsorption of poliovirus occurred on a coal
bed at pH 3.0 and their subsequent elution was effected
with 3% BE at pH 9.5. Hence, these criteria were further
used for concentration and detection of enteric viruses
from sewage and stabilization pond effluents. The
schematic of the method for concentration and recon-
centration of viruses from domestic wastewater is
depicted in Fig. 3.

4.4. Comparison of coal bed and MF protocols for
recovery of virus

The coal bed and MF methods for concentration of
enteric viruses were compared in terms of virus recovery.
Sewage samples were collected according to a predeter-
mined time schedule, blended for 2min, centrifuged at
18004, divided into two cqual aliguots of 300ml, and
filtered through coal bed and MF separately. The
adsorbed viruses were eluted with 6% BEMB at pH
7.1. The eluates obtained from both the procedures were
assayed on the same batch of tissue culture. The
comparative recovery of viruses using coal bed and
MF method is presented in Table 5. The results
indicated that the recovery of enteroviruses by coal
bed and MF method ranged from 1040 to 7520 and 830
to 6580 PFU/l, respectively. The number of enteric
viruses recovered by the coal bed method was more than
that by the MF method. The comparison was made by
applying Student’s “#” test at 5% level of significance;
the calculated “f” value was 3.03 as against (2.7%)
reported in the literature for 12 degrees of freedom,
indicating that the coal bed method is better than the
MF method for recovery of enteroviruses from clarified
sewage.

Enteric virus recovery from sewage is always far better
than the. MF method because the loss of viruses along
with particulate matter due to centrifugation as it is an

B

essential step in the MF method, is avoided resulting in
higher virus recovery (Table 6).

The coal bed and MF protocols were used for
concentration and detection of enteric viruses in raw
sewage and effluent of stabilization pond treating
domestic sewage. Both raw sewage and effluent samples
were divided into two equai parts of 1000ml after
blending for 2min. One part was processed using coal
bed (110mm dia.) and the other part was processed by
MF (142mm dia.) after clarfication. Adsorbed viruses
were eluted with 100 ml of 6% BEMB solution at pH 7.1
and reconcentrated by modified organic flocculation
method. It could be seen that a higher percentage of
enteric viruses were detected from raw and treated
sewage by coal bed method compared to the MF
method. The enteric viruses detected in sewage by the
coal bed and MF methods ranged from 78 to 51.810 and
75 to 22,468 PFU/, respectively (Table 7). Out of 21
effluent samples tested using both these techniques,
enteric viruses could be detected in 20 samples by the
coal bed method and in 18 samples by the MF method
indicating the efficiency of the coal bed method.

5. Discussion

Bituminous coal has a great potential to adsorb
enteric viruses hence it has been used in this study for
adsorption of polioviruses from sewage. It has a cyclic
structure and possesses carboxyl, hydroxyl, thioether
and quinonic groups on its surface. The carbon content
of the coal is 59.2%. The conductivity of the 0.5%
suspension of coal was 0.014mS/cm (at 20°C) and the
zeta potential was —68.3mV. This value suggests that
the coal surface is negatively charged. Viruses behave as
colloidal particles when suspended in an aquatic
medium and are negatively charged at neutral pH. The
surface of a virus particle is made of protein. therefore,
the charges on virus particles are similar to those of
protein. Amino acids have two major reactive groups i.e.
amino (-NHs) and carboxyl (—COOH). Therefore,
charges on viruses are governed by acidic and alkaline

Table 4
Elution of viruses from coal bed
pH Virus® input {PFU) Virus recovery (%) Average virus recovery {%) Sb
Experiments
1 2 3 4 5
3.0 445 489 97.7 734 46.7 98.3 73.1 +252
4.0 445 90.0 -70.5 65.4 60.6 83.8 74.1 +12.42
5.0 445 90.0 92.8 828 83.0 85.7 86.9 +4.41

$D = standard deviation: PFU = plague forming unit.
2Virus added + indigenous viruses in the sample.
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Tabie 5
Comparative recovery of viruses in clarified sewage by the coal
bed and MF methods

Table 6
Recovery of viruses from raw sewage using the coal bed and
MF methods

Sr. no. Coal method (PFU/D) MF method (PFU/I) Sr.no.  Coal bed method (PFU/)  MF method® (PFU/I)
1 1040 830 1 778 [58
2 3780 3600 2 2808 997
3 5330 3230 3 845 592 )
4 3380 3300 4 976 288 '
5 1940 1360 5 9844 3478 !
6 1900 1780 [ 32,444 7652
7 4430 3650 7 1668 798
8 1322 1242 8 49,450 12,051
9 1514 1316 9 32,400 6869

10 1304 1222 10 2360 1083

Il 6610 6210 11 5593 . 683

12 7520 6580 12 676 638

13 6520 6110 13 258 172

14 849 263
Mean 3583.8 31100 15 1802 722
PFU = plaque forming unit; MF =membrane filter. Mean 8516.7 . 247296

increased. The percent adsorption of virus could be
enhanced remarkably by amending the medium with
AICL. In this case, the percent adsorption ranged fiom
67% to 98.7%. In the presence of AlCI;, the effect of pH

is reversed in that the percent adsorption increased when -

the pH is raised to 4.0 and 5.0 from pH 3.0. This may be
due to favoured AICl; hydrolysis of higher pH.
Hydrolysis of aluminium salt into oligomeric cationic
species such as [Al(OH) s, [Alg(OH)yl*, etc. is

. extensively documented [25]. It is believed that the

negatively charged poliovirus 1 (at pH 5.0) easily
adsorbs primarily onto oligomeric Al-cationic species,
which in turn adsorb on to negatively charged coal
particles. The composite Al*"-virus bridges may be
expected to possess a net positive charge and their
adsorption on to negatively charged coal is facilitated.
As a result, amendment-using AICl; gave higher virus
removal efficiency. This type of enhancement effect by
AICl;. Persisted at all pH levels in the range of 3.0-6.0;
however, pH 5.0 is found to be optimum. A somewhat
lower enhancement found at pH 3.0 where AICL
hydrelysis is either absent or less, indicates that both
free APP* and corresponding hydrolyzed polymeric
species are effective. However, the more pronounced
enhancement found at pH 5.0 may be due to polymeric
aluminium species with higher net positive charges.

6. Conclusions

® Bituminous coal has the potential to adsorb viruses
from sewage and treated effluents.

® Maximum adsorption of viruses to the extent of
‘98.7% occurs at pH 5.0 in the presence of AlCl;
{0.0005M). This indicates that organic matter of

PFU = plague forming unit; MF = membrane filier.
2 Centrifuged at 1300g. '

Table 7

Comparison of the coal bed method with the MF method for
recovery of viruses from raw sewage and effluent of stabiliza-
tion pond

Sr. no. Coal bed method MF method
Raw Effluent Raw Eifluent
sewage {(PFUM) sewage (PFU/)
(PFU/) (PFUM
1 976 318 600 260
2 13,454 1469 6821 264
3 51,810 1068 22 468 560
4 22,761 2842 7021 890
5 3724 368 2136 173
o 2682 550 701 328
7 1105 120 653 1206
8 504 46 105 ND
9 348 3 75 2
10 - 5047 105 190 76
11 1985 80 1887 8
12 346 3 148 41
13 1782 202 532 139
14 890 314 689 194
15 166 56 165 54
16 1081 192 736 ND
17 78 ND 76 ND
18 3476 378 2447 140
19 4100 - 172 4051 144
20 1770 135 1090 160
21 685 392 579 286

PFU = plaque forming unit; MF=membrane filter; ND=not
detected.
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sewage does not interfere with virus adsorption to
coal bed.

® Adsorbed viruses from sewage could be eluted with
3% flocculating BE {oxoid) and virus recovery ranged
from 82.8% to 92.8% with an average of 86.9%:

® Prefilteration or centrifugation to clarify sewage is
not required which is an essential step for the MF
method. Hence, the loss of viruses that occurs during
clarification of sewage is avoided in the coal bed
method.

® More viruses were detected in sewage and effluent by
the coal bed method than by the MF method.
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I SUMMARY

In 1963 the Rand Development Corporation of Cleveland, Ohio
began a laboratory study to determine whether coal could be used advan-
‘tageously in the treatment of sewage and industrial wastewaters. The
work was supported by the 0ffice of Coal Research, U. 5. Department
of the Interiocor, under Contract No. 14-01- 0001—3&8 and was summarized
in OCR Research and Development Contract No. 12, "Investigation of the
Use of Coal for Treatment of Sewage and Wastewaters," issued in March,

| 1966.

i Coal was found to. be useful as a filter medium and settling

: aid, and as an agent for .the partial removal of certain soluble pollu-
tants by.physical and chemical surface.reactions. A single-step "coal-
sewage process evolved during this investigation, for which U. 5.
Patent No. 3, Lol ,11h was issued; and in a continuing pilot plant pro-

~ gram under a second OCR Contract, No. 24-01~ 0001—&83 the process was
refined and. demonstrated to be feasible on a commerclial scale. All
of the pertinent material from both contract programs is included in
this second and final report.

In its basic form the coal-sewage process 1s a deep-bed,

~gravity flow, consumable coal preccat filter which may be used in the

treatment of wastewaters of nearly any type. Near-perfect removal

of suspended solids is attained and variasble proportions of dissolved

organic matter end phosphates are removed as a function of the type

of coal which is used. Process performance does not degrade with time,

and there is no significant contamination of the water containing the

sevage by the coal. Any type of coal which does not soften in water

Leg;g_pg“yégﬁ W}EE_ESE§§QE§Q$\§%”IHSlQ_‘Q‘«REEE;thu llgnltes and .some.
of ‘the lower-rank . sub—bltumlnogﬁﬂggaLh
W“—“—\.‘_

The process is a batch method, with long term continuity
attained by alternation among filters at intervals of between one and
three months as a function of the type of waste being treated.  Con-

i tinuity of flow rate during a filter run is achieved by the periodic

3 -removal of a thin layer of the filter surface by a traveling doctor
‘blade, or scraper, which is the only item.of special equipment required.

. The spent coal and sewage solids are dischargell as a slurry which is

- de—-watered by simple mechanical means and incinerated. Approximately
ninety percent of the original heating value of the coal is recover-
able as usable heat. ' :

The coal-sewage process is the first practical large-scale

g sewage filter available to the industry: Quantities as high as ten

S million gallons per day can be treated in a single unit. In.this
respect the value of cogl, as opposed to sand or other permanent media,
is especially evident,




Particulate—bed filters must be cleaned periodically to
remove the collected solids and to maintain filter flow. Simple
removal of the Tilter cake alone is seldom gatisfactory since soft
or fibrous solids penetrate the filter surface and become enmeshed
in the filter medium. When a permanent medium, such as sand, is
used it must therefore be washed free of the solids with clear water
so that it may be recovered for continued use.

The well-known rapid sand filter is used almost exclusively
in the treatment of water supplies where the concentration of scolids
is low and where the collected solids can be washed from the sand
with filtrste and returned to the receiving waters or to the sewers
for treatment. These filters can be used for the polishing of secon—
dary sewage-treatment effluents, but at the requirement of using a
large portion of the filtrate for backwashing and of retreating the
backwash water. They can not be used for raw sewage Or similar high-
solids wastes because of the high water requirements and the produc-
tion of a second waste stream little different from the original.

Because coal is cheap and combustible it need not be washed
or recovered; the only requirement is the removal of sufficient water
from the waste mixture of coal and sewage solids to permit combustion.
Experiments have indicated that a portion of the contained coal might
. be recovered to reduce process.cost, but retrieval of all or any part
‘of the medium is not integral to the process. Backwashing of the coal
filter, or other interruption for rejuvenation, is therefore unneces-
sary, and the total recirculation of filtrate for in-plant use is less
than two percent.

The coal filter may .be of any shape adaptable to the scraping
process. A special underdrain is required to support the coal and to
prevent the accumulation of air in the filter bed, which may be chosen
from a variety of commercial materials and installed independently of
the tank structure.

The initial filter bed depth can be variable, with six. feet
suggested as a first specification. With allowance for two feet -of
supernatant water and one foot each.for freeboard and for the wmnder-
‘drain a tank depth of ten feet is required.. The width of a rectangu-
lar filter may be any dimension which can be conveniently bridged
by the scraping mechanism. The length of a rectangular filter, or
periphery of a round filter, is limited by. the required frequency of
scraping as determined by the type of waste to be treated, and ranges
between approximately 100 and 250 feet. '

The sized filter bed coal is mixed with plant filtrate and
pumped to the filter tank for placement. No special attentlon. is
required, and when the slurry discharge is mounted on the traveling
' scraper mechanism a flat and level filter bed is deposited. The bed
may then be flooded with water and held in readiness until needed.



A treatment ruan is started by introducing sewage into the
filter and starting the scraping mechanism. Thereafter, the filter
is gradually consumed; coal is not added during a run. The required

frequency of scraping is determined by the type of waste to be treated,

and varies between approximately 20 minutes and five hours. Only a
thin cut is taken at each pass with 1/32-inch or less required for
all cases. The sewage-treatment run requires virtually no attention,
and can be automatically controlled. Experience in the 400,000

~ gallon-per-day pilot plant proved the process to be remarkably

immune to misadventure such as the introduction of branches or solid
objects into the filter by storms or accident, and to power failure,
equipment failure or operator error.

A run may be continued to a terminal bed depth of 3.5 inches
or less without decrease. in the degree of treatment, and probably to
one inch or less when the alternate filter is ready in case the efflu-
ent requires polishing. The residue is then washed from the filter
as a slurry and added.to the scraper sludge for incineration.

The filter bed coal is ground and sized within the limits
of approximately 18 and 120-mesh, U. S. Standard designation, and
as placed in the filter must contain less than approximately 1.5 per-
cent as dust smaller .than 270-mesh. The coal may be prepared by wet
or dry procedures but the latter are preferred for flexibility. Con-—
ventional grinding and sizing equipment may be used, with special
plant configuration and operating procedures recomended . to attain
the highest possible recovery of usable bed coal from raw.coal. An
overall recovery of 78 percent was attained in the pilot coal prepara-

. tion plant —— a value which will probably be exceeded with further

refirement.

Coal preparation is independent of the sewage-treatment

‘process, and the coal plant may be located where desired. Coal of

the required size can also be purchased in the market, so that small
or first-generation plants need not be concerned with the separate

‘activity of coal preparation. TFor certain applications of the coal-

sewage process.it also appears feasible.to "worrow" sized coal from
an existing user, such as a utility plent, and to return the waste
solids to the fuel stream. In this application the coal cost to the
sewage—treatment facility would be exceptionally low, and the method
is especially recommended to industries which presently burn.coal

or which must select a future fuel on the basis of cost.

Laboratory work has indicated that the fines produced in coal
preparation may be used in limited sewage-treatment applications.
They may also be sold under certain circumstances. Neither of these
alternatives will dependably exist in all cases, however, and the

. cost estimates derived for the process are based on the assumption

that the material will initially be a waste by-product, to be burned
for its fuel wvalue only.



The coal-sewage sludge produced in the sewage-treatment
operation can be de-watered by gravity-settling to a solids content
of 50 weight percent, at which it can be burned in a conventional
grate-type boiler. The composition of the stack gas is nearly identi-
cal to that when the original coal is burned. Air pollution control
requirements are therefore the same as those for coal combustion and
may be met by the use of conventional eguipment. The use of wet-
scrubbing is especially attractive in view of the availability of
plant filtrate as clear water and of the plant itself for treatment
of the scrubber effluent. Steam is produced in the combustion pro-
cess and may be used for in-plant purposes or sold, as a means of
defraying a portion of the plant cost.

The coal-sewage process was evaluated in the pilot plant
for the treatment of raw municipal sewage and for the post, or so-
called "tertiary," treatment of secondary sewage-treatment plant
effluent. These wastes appear to typify the approximate extremes
of process performance. Numerous variations were also examined in
order to optimize the separate operations and to obtain an under-
standing of the process mechanism.

The average degree of treatment attained in these applica-
tions is listed in the accompanying table, along with that reported
in the literature as attained in existing secondary treatment plants,
and with that being recommended to meet the water quality standards
established in 1969 under the provisions of the Federal Water Pollu-
tion .Control Act, &s amended.

The chemical treatment used to increase the phosphate removals
in the coal-sewage process consisted of the addition of ferrous .sul-
fate to The filter influent to Form an insoluble iron phosphate which
was then removed on the filter. Waste steel mill pickle liquor may
be used. No other chemical additive is needed. '

The average filter flow rate in the treatment of raw sewage
is 0.35 gallons per square foot of filter per minute at 15 feet of
head. At this flow rate, the tank area required for a given flow
of sewage is approximately half that reguired for normal secondary
treatment. The filter flow rate in the post-treatment -of secondary
treatment plant effluent is 1.0 galion per square foot per minute at
16 feet of head.

Tn the treatment of raw sewage the consumption of sized filter /
bed.coal, including the filter bed residue, is approximately 9.20 tons '
per million gallons. In ‘the post-treatment of secondary effluent the !
coal consumption is approximately 1.32 tons per million gallons. i

Process costs are calculated in this report for different
plant sizes and coal sources. An example of each process application
is given below, for a 100-MGD plant for which a captive on-site coal



The largest cost influence in coal process sewage-treatment
is the rate of consumption of coal. Both the cost and coal consump-
tion rates mentioned in this summary are based on actual pilot plant
operation and are therefore conservative. Means are indicated in the
body of the report by which the coal consumption might be reduced
by half or more simply by varying the mode of process control. No
alteration of equipment is necessary, and only a slight excess in
filter capacity is required to perform the tests.

One of the most expensive and least satisfactory aspects of
- conventional sewage-treatment is the digestion, de-watering and dis-
posal of the primary and secondary sludges. The cost estimates given
in this report for coal-sewage post-treatment assume the redundancy
of separate sludge-handling facilities, and therefore reflect the
highest probable cost.

Laboratory tests have indicated that when the coal-sewage
sludge is mixed with the raw primary and secondary sludges only a
single de-watering operation is needed which can eliminate digestion
and others of the present sludge-treatment steps. Because of the
-added heating value of the contained coal the mixed sludge can be
burned at a higher water content and temperature with complete stabili-
- zation of the raw wastes. Only one sludge-handling faecility is then
needed and power is still recoversble which may be used, for example,
to drive the compressors for. secondary aeration. When sludge diges-
tion is no longer needed, the separate step of grit removal can also
be eliminated. In this case the waste fines from coal preparation
can.then be effectively used as a settling aid in the primary process
while still retaining their fuel value.

Other refinements are also indicated if the.coal-sewage post-
treatment filter can be operated experimentally in conjunction with
secondary processing. For example, a relatively large fraction of
the land required for a secondary treatment plant must be devoted to
the secondary clarifiers in order to attain reasonagble removals of
suspended solids. . The extent. of secondary clarification can probably
be reduced when the coal filter is used for final polishing. In
this respect the process should be especlally valuable to relieve
overloading in existing plants.

The coal-sewage process also offers an interesting oppor-
tunity to municipalities which must collect and incinerate garbage
and solid refuse. These materials possess a high heating value and
are already being used in some cases as fuels for power generation.
When. the coal process is used in a municipal plant all of the solid
wastes could logically be burned in a single incinerator equipped for
advanced air pollution control, with the production of significant
amounts of pover.
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preparation facility and an incinerator are included. The . cost of
raw coal end freight is assumed at. $12.00 per ton and interest is
caleulated at six percent for 25 years. A cost credit of $0.85 per
thousand pounds of steam produced in the incineration step is taken.
Costs are given in dollars per million gallons of sewage treated.

Coal Process Coal Process Appended
Treatment. of to Secondary Plant
Raw Sewage S o )

Total treatment cost $209 .06 - $ 46.10

Credit for power "166 .60 23.72

Net Cost $ Lo k6 - $ 22.38

The coal-sewage process wWas originally investigated as a new
method for the complete treatment of raw sewage. At that time there
were . no uniform standards for treatment and the performance of new pro-
cesses was judged mainly in comparison with that. of established plants.
On this basis the process rated favorably with secondary tregtment,
and in the case of suspended solids greatly exceeded it. These methods,
however, can barely meet ththEEfstandards for raw sewage treatment,
and will clearly be unsuitable in the future without augmentation as
. the Standards Inevitably become more stringent. T e
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The coal-sewage process is therefore not recommended for the
routine treatment of raw sewage. When a-credit can be taken for .the
by-product power the cost is exceptionally favorable, however, and the
process should be considered for special applications. Industrial uses
would be particularly atfractive where the steam could be used within
the plant and the cost of the coal.shared between production and waste-
treatment.

When the coal precoat. filter is used for the post—treatment
of secondary effluent an extremely high degree of treatment is attained
at a relatively low.additiomal cost. Design and engineering data
have been prepared for a plant of this type, and the process is con-
gsidered to be entirely feasible and ready for commercial installation.

The process has been designed to be operable as an indepen-—
dent entity, so that it may be appended to existing plants with no
interference in their design or operation. The process is modular,
with inereased capacity acquired by the addition of mits. A first-
 generation plant can therefore be installed and operated experimentally
on a small scale, if desired, in the treatment of only a portion of
the effluent of the assoclated secondary plant and later increased
without loss of the initial investment. This approach is recommended
for first consideration, especially if funds and facilities are avail—
able for continuing development, since an opportunity for additional
improvement in cost and performance is indicated.

———— o
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~1ass columns. Daily composite samples were collected and analyzed
:ver an eight-day period. Results are listed in Table 2-L.

This behavior was observed in many column tests, including
the pilot plant, where phosphate removals decreased rapidly with
rime. On nearly every occasion the rate of removal approached zero
sfter about one week, and thereafter unaccountably increased again
+o average daily reductions in the order of 15 to 30 percent. At
first it appeared that an adsorption—~desorption process might be in-
volved, or that blological action might be in part responsible, but
neither of these could he confirmed.

Sl B e A

The possibility of reaction with iron in the coal was then
investigated. Each of two 2-inch coal column was filled with 200
grams of 35 by 120-mesh HVC coal; onc wes washed with water until
no dissolved iron could be detected in the effluent. A solution of
KEoPOl,, containing 48.8 ppm as POy, was then pumped through both
columns at a rate of 0.5 gallon per square foot per minute (41 milli-
liters per minute)}. Results are compared in Table 2-M.

The sample of washed coal can be seen to have approached
equilibrium after a total flow of 4600 milliliters of solution; 66
percent of the removed phosphate had been taken up after only 1200
milliliters of flow. The unwashed coal attained only 78 percent of
equilibrium after k025 milliliters of flow, and at 1050 milliliters
was still removing virtually 100 percent of the dissolved phosphate.

Digcussion

Tt is evident that substantial gquantities of phosphates can be removed
from water solution by reaction with coal and that most, if not all,
of the reaction is one of chemical precipitation by iron compounds
produced from the coal. It was observed in brief tests, and is logi-
cal to presume, that this property varies with iron content of the
coal.

The reaction is similar to adsorption in that it is controlled by
surface area of the coal. It is evident that high phosphate removals
are attained on first exposure when large areas are available, and
that the reaction then proceeds slowly but for apparently long periods
as the surface iron is exhausted and diffusion within the pores of
the coal becomes dominant. Application of the coal in the smallest
feasible particle size would therefore be the most econcmical form

of use.

Tt is not clear whether or not the precipitated iron phosphates remain
attached .to the coal. The initial decrease in removal observed in
column tests, followed by an increase, suggests that a portion of the
precipitate first formed is released, but that the rate of removal -
then exceeds the rate of release as the reaction proceeds within the
body of the coal particle. Further investigation of this reaction
would appear to be warranted.
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C. BACTERTA

Except for one series of tests performed in another labora-
tory the effect of coal on the growth and removal of bacteria was
observed mainly in connection with other experiments.

The special test was based on removals of Escherichia Coli,
the common E. Coli whose presence in water is generally regarded as
an indication of pollution by human wastes.

Two hundred and fifty milliliters of nutrient broth were
innoculated with 0.1 ml. of an 18-hour culture of E. Coli, incubated
for an additional 18 hours, and diluted to 10 liters. This suspen-—
sion was determined to contain 6,900,000 E. Coli per milliliter, and
wae used as Teed in a standard adsorption column packed with high-
volatile-C coal. The column effluent was sampled periodically and
analyzed immediately after each sampling.

For the evaluation of water specimens the bacterial count
at the time of collection is not the only criterion; further develop-
ment of the bacteria depends also on the content of organic nutrients
in the water. For this reason a portion of each sample was set aside
for ten days, after which a second analysis was performed to determine
the rate of re-growth after treatment.

The experiment was also performed with tap water having an
initisl concentration of approximately 1 organism per milliliter.
Results are listed in Table 2-0. '

Virtually complete removals of E. Coli were observed until
sbout 2 liters of the inpfoculated test solution had passed through
the column, after which the concentration rose rapidly. Yet, while
the concentration of E. Coli in the untreated sample increased by a
factor of .over 5,000 in ten days, the inerease factor in the case of
the treated sample after 6 1liters had passed was only 250.

Iikewise in the case of tap water the bacterial count in the
untreated sample increased by a factor of more than 334,000 after ten
days, while the count in the treated sample jncreased by a factor of
only 690.

Tn the case of this one experiment coal was found to be
.exceptionally effective in removing E. Coll from water, at least in
the early phase of the test. Of possibly greater significance is
the fact that the concentration of bacteria in treated test media —-
both water and the speclal culture —— increased much more slowly
than did that of the untreated sample after ten deys' storage. This
occurrence was possible due to the fact that the coal removed not
only a significant number of bacteria but also a portion of the nutri-
ents required for them to multiply.




VIT EXAMPLES OF TREATMENT BY COAL: INDUSTRIAL WASTES

In addition to the basic development work performed with
raw sewage, several brief tesis were conducted to investigate the
use of coal in the treatment of industrial wastes. Most of these
were performed early in the program by means of simple column tests
without particular regard to flow rate, head or frequency of surface
removal.

A number of general conclusions were drawn which appear
to remain valid in the light of the subsequent pilot plant study,
and ‘are summarized here as an illustration of several different
applications of coal in waste—-treatment. One series of field tests
was performed on the black water effluent from a coal benefication
plant, and is also included.

A, SUMMARY AWD CONCLUSIONS

With the solitary exception of a caustic black ligquor waste
from the manufacture of paper pulp, near-perfect removal of non-colloidal
suspended matter of all types was sttained by coal filtration. An
increase was observed in. the case of the black liquor, evidently as
a result of attack on the coal. Inorganic matter, such as flue dust
from a stack gas scrubber and mill scale, and organic matter such as
meat solids and cellulose fiber were removed with egual effectiveness.

The removal of dissolved crganic matter with respect to COD,
BOD, color and odor was variable according .to the type and concentra~
tion -of the waste, but was generally gimilar to that observed in the
case of raw sewage. When HVA and 'HVC coals were .both used the removal
of dissolved organics was invariably higher in the latter case, tending
to.confirm the results of the more basic adsorption studies. Certain

" materials, notably & mixture of fatty acids in water, were removed

almost gquantitatively by coal, suggesting that a high degree of chemi-
sorption can take place.

Purely ionic inorganic matter was not removed by coal and,
with exception of the caustic black liguor, did not appear to attack

. the coal.

The use of coal as a means of treating industrial wastes
can be considered by the same criteria as those used for municipal
sewage, providing that simple laboratory screening tests are per-
formed to measure the probable degree of treatment attainable and.
to insure that attack of the coal will not ensue. Filter flow rate
and coal consumption will be variable as these are discussed in Part
Four in connection with a unified process, but these factors are
apparently also responsive 0 the criteria used to judge mixed sewage.

1hy




Tests

Imhoff cone settling (no coal)
Filtration of 2.0 liters through L-inch bed of High-Volatile-C coal,
60 by 250-mesh

§
Results
f ‘Raw_ Waste  After Test  Reduction
1
Imhoff settling 0.6 ml/1 Slightly turbid -
CoD 120 ppm 77 ppm 36 percent
Coal Filtratiom _ _
COoD 120 ppm 23 ppm 81 percent
Color As above Water-clear Complete
Odor As above Absent Complete
Digcussion

The coal filter was effective in removing the suspended solids. The
difference between the 36 percent reduction in COD obtained after
settling and the 77 percent reduction after filtration was probably
due in part to the adsorption of dissolved matter from the water.
Odor-reduction was significant.

e. 'summg;z

With the exception of coke Plant wastes steel mill wastes
are mainly soluble ionic inorganic compounds and comparatively inert
materials such as scale and dust.

The use of coal is ineffective for the removal of dis-
solved inorganiecs; but is obviously suitable as a Tilter which exhibits
the added properties of adsorbing quantities of organic matter. Pri-
mary settling of such wastes as mill scale or serubber effluent would
Probebly always be advantageous for the removal of dense solids. Sub-
sequent coal-filtration would then appear to be an effective means of
removing residual solids and color and odor, particularly if the fine
coal could then be used elsewhere in the operation.

2. ' 'Mest Packing

Semples were provided by a medium-size beef packing company
which slaughters an average of 250 head of cattle per day, using an
average q;ﬂ;;ggg.gallons of ‘water per animal. . Fresh water is first
used in the cleaning of carcasses and in the general preparation of
meat. This waste is settled for. one hour for the separation and recovery
of grease, and a portion of the effluent is then recirculated as a

medium for handling the "paunch manure", or undigested food, which

1hT




vi SUMMARY AMD RECOMMENDATIONS

The coal preparation pilot plant was designed and operated
on a production scale according to-data discussed in the foregoing
sections. Modifications were made where possible. and infofmation
was obtained during operation which suggested further changes. The
followipg recommendations are based on both the experimental data and
on modifications indicated by the data.

The scheme of coal preparation presumes the 1location of
the coal preparailon plant &s & gite remote srom that of the sewagé-—
treatment operation, although none of the following reasons excludes
location at the sewage—treatment plant.

1. A single plant can gerve any pumber of different Waste—treaxment
plants without its owa operation being jnfluenced by achedules, per-
sonnel OY operations specific ®o any one of them.

2. The disposal of. waste fines. does not become an operation inherent
to that of & given sewage—treatment plant. Tines may be used or not

as dictated bY individual conditions.

3. Heavy freight handling facilities,lsuch as railroad sidings, are
not required as part of & sewage—treatment plant.

k., The .economy of coal preparation is enhanced when & number,of'
sewage—treatment plants can pe served by @ single large faciliby.”

Ground coal is difficult %o handle when wet, and special
procedures would be necessary if.Wet-processing were. used, especially
where freezing could .occux. Except for dedusting there is no pasgic
need for Wet—processing; and therefore the method of dry‘grindipg
and sizing is recommended. '

There is 1O disadvantage in not performing the dedusting
operations at the coal preparation plant; there are, NOWEVET» advan-
tages To gedusting at the sewage—treaxment gite:

1. The relatively iow dust content of the sized coal can be readily
accommodated in .the sewage—treatment operatbion, and therfore 1O gpecial
methods for disposal are required.

o, The dedusting step is compatible with the method of filter
loading, and when performed in conjunction with it can Pe conducted
at virtually no cost.

3. It is possible, though not dependably.so, to dedust the bed

coal adequately at the coal preparation plant; however, bhe handling
of sized coal produces fines, 80 that there would be 1O certainty
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The matter was further complicated by the fact that ground
coal contains jneipient fractures and on haendling continues to decrepi-
tate with the formation of fines, the degree varying with the type of
coal and grinding process. Thus, even when a stream of sized coal
could be properly sized and analyzed there was no assurance that suf-
ficient additional fines would not accumilate on further handling to
exceed the filter bed specification. T4 was evident that a process

based on dry-screening alone, with gquality control performed by 2

sensitive analysis itself prone to EITOr, would be precarious at best.

as a final dust removal step

The use of a hydrocyclone
e filter bed was then incorpo-

jmmediately prior to placement of th
rated as part of the filter preparation procedure. By this means
dust levels as high as approximately five percent in the screened
coal could be. reduced to less than the specified one and one-half
percent in the filter bed. The criticality of both the dry-screening
operation and the method of size analysis was therefore eliminated,
as was the risk of sdditional dusting of sized coal in handling
between the screener and cyclone. This one form of coal-sizing and
handling was therefore advanced in this progrem to a simple amd prac-—
tical commercial procedure. Dry-screening is subject o limitations,
however, and the examination of other methods was continued.

The experimental work reported here was performed over nost
Some of 1t preceded the

of the six-year period of the two pPrograms.

final determination of specifications for filter bed coal and some
followed the selection of the pilot plant equipment. The subject
ted in the light of what is now known, with no

is therefore presen
pretense of & logical evolution which did not always exist.

A, EVALUATION CRITERIA

It is characteristic of sereen processes that a substantial

n of sizes immediately smaller then a given screen will remain
on the screen and thus appear in the nominally larger size cut. This
le ghape and OCCULS vwhen a particle

behavior is due in part to partic

of near—screen size does not become oriented in its passage across

a screen at such an attitude as to permit it to pass. The condition
is considerably gggravated when the screen 1is flooded, OT overloaded,

and generally woOrsens ot smaller sizes.

portio

reason The rescreenipg-of a glven aize cut
particles large¥ than the large end of
s the screen in the pirst operation hut

For the same

will indicate the presence of

_ +the cut, which chanced to pas
which were not'properly'orient

This behavior can not be prevented
lar .shape are involved, but is of 1ittle practical conseguence since

the particles are so close to nominal size. TIt.was observed that
nearly all of the parxticles sO affected could be found within two

180.
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ed to pass the same screen in +the second.

when particles of irregh-
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mixer was mounted at the top of the tank. Coal sturry water could be
obtained either as pilot plant effluent or city tap water and was
metered into the tank with an appropriate air-break in the latter
case, through a rotameter (3). Manual and float valve controls were

used.

‘ A five~horsepower, variable-speed positive displacement
pump (Moyno Type CDR) was connected to the bottom of the slurry tank
(L), discharging through a 1-1/2-inch steel pipe main to a point cen-
tral to tank loading; a bypass return from the main to the slurry
tank was useful for purposes of experimental control. From the end
of the slurry feed main a 1-1/2-inch hose led to the filter tank
being loaded, where it could be moved over the surface manually or
mechanically by attachment to the filter. surface removal mechanism
(scraper). For most tests a hydrocyclone was introduced into the
slurry line and was erected on the scraper.

The rate of coal slurry production was .controlled by
manual adjustment of the slurry pump speed and was dictated by the
pressure and flow requirements of the. de-sliming cyclone. In typical
operations a slurry of eight volume percent of coal in water was
delivered to the cyclone at a rate of'6Q gallons per minute at a
pressure of 12.5 psig. Concentration of the slurry was controlled
by adjustment of the coal feeder, with makeup slurry water added by

the float valve.

b. Filter Tanks

Fach of the three filter tanks was 10 by 40 feet in
plan, with a bottom slope of one inch in five feet (eight inches
overall), and 18 feet, T inches deep at. the deep end (5). A plan and
sections of a typical filter tank and web-well set (No. :3) are shown

in Figures 1-5, 4-6, and h-7.

Fach tank drained through a six-inch valve ‘into a wet-
well, or sump, 19 feet deep and foux by six feet in plan (7). A stand-
pipe (8) upstream from the valve provided for introduction of filter
mekeup water, available as either pilot plant effluent or. fresh water,
through a rotameter (9). For wnderdrain tests an air-release stand-
pipe (6) was provided at the upper end.

Fach wet well was connected to a 15-horsepower cen-
trifugal pump (10), which discharged through a pneumatically-operated
throttle valve (11).” To permit flexibility of operation and %o
eliminate the need for much heavy plumbing the feed and effluent
lines were grouped in a common distribution center where any process
stream could be directed to any receiver by means of movable hoses

(Ref. Figure 4-2).
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Thig mode of operation was found to be unnecessary and only
w0 of the tanks were finally equipped with underdrains. The third
25 then available for special experiments involving chemical addi-
+5 015 , sedimentation and the storage of large volumes of ligquid.

o, "~ "Method of Filter Surface Reémoval

1+ had been learned in pre-pilot plant studies that the
necessary removal of the surface layer of coal and sewage solids
éould we conveniently accomplished by hydraulic means, wherein a
rump iniet was moved over the bed surface. The method was difficult
4o control, however, especially when gross splids such as rags were
oresent, with the result that relatively large (1/8 to 1/2-inch) and
meven cuts frequently resulted. The necessary velocity of pumping
also indicated that a large emount of water—-—perhaps as much as 25
percent of the process flow—-might be required, and thus re~introduce
the disadvantage of having to process a side-stream of waste water
not greatly reduced in volume from that of the original sewage.

The pilot plant design was therefore based on the use of
mechanical filter surface removal, where a thin surface layer could
be separated from the filter by a positive cutting action, with the N
sludge gtored in the removal apparatus for periodic transport from ;
the tank. For the latter step pumping was selected as a more positive
control of fines and flocculant solids.

3. ' Coal Preéparafion

_ The Easterly Pollution Control Center is located in a.resi-
dential district and is noted for its park-like landscaping. To
minimize disruption of .the area for the experimenial work and to have
direct access to a rallroad siding the coal preparation facllity was
lacated in an industrial area several miles. away. Storage and trans-
fer of the sized coal were reguired, and the investigation of means
by which coal could be prepared either locally or at a remote site
was therefore incorporated into the pilct plant plan.

Wet-sizing of coal had been found in the pre-pilot plant
work to offer adventages in control of dust content. Special methods
for storage, handling and transfer—especially in freezing climates—-
were indicated, however, as was a drawback in that the sewage-treat-
ment plant operator would have no control of quality in cases where
the coal was prepared at other locations. Dry-sizing was therefore
selected, with final dust removal to be accomplished as part of the
filter preparation procedure. :

Various types of. air classifier had been field-tested prior
to the selection of equipment for the pilot plant. The methed was
found to be simple in operation and effective in maintaining a low dust
content in the product coal but was not satisfactory in attaining the
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7. Frmphasis on practicality, dependability and cost of opera-
tion of any process steps as refined in the pilot plant

B. DESIGN QPTIONS
The design of the piilot plant was based vwherever possible
on date obtained in the earlier experimental work. Options were

available in several cases, and are discussed below.

1. Filter Tank Shape &ard Size

Filter operation was based on a batch process in which a
filter tank would be filled, operated to exhaustion and refilied,
with continuous operation of a plani attained by alternation of
process units. Continuous introduction of coal into the filter
bottom was rejected on the basis of the large amount of egquipment
required for commercial-size plants and anticipated difficulty end
cost of maintenance. The method of lowering the surface removal
mechanism as the bed was consumed was. therefore adopted as opposed
to that of continuously raising the bed to a fixed~level scraper.
oA period of one-to-two months was selected as a reasonable
cycle of operation, and allowance was made for a ten~-foot filter bed.
A minimum of six feet of supernatant sewage was provided in order
to gain head and to insure that the bed surface would not be disturbed
by the incoming sewage. With allowance of one foot each for under-
drain and freeboard a total tank depth of eighteen feet was therefore
indicated. In order to preserve continuity of the tank floor the
receiving wet wells were of the same depth, so. that with. allowance
for piping a head of fifteen feet was available. This value was
arbitrary; in commercial practice. a great economic advantage would
result from the use of a deeper wet-well since substantially higher
flow rates cen be attained in the same installed plant simply by
increasing the filter head.

Filter design is independent of surface geometry, and either
round or rectengular tanks appeared equally useful. Rectangular
tanks were chosen to eliminate the necessarily variable scraper
blade velocity which would obtain in yound tanks, and also as being
more nearly prototypal to large plants where increased capacity
could be attained simply by extending the tank length. Round tanks
would be equally effective in practice and, for small plants, cheaper

Bo build.

The pilot plant. was designed to peérmit the use of two treat-
ment tanks operating in series, in the event. of deterioration in the
degree of treatment as one tank approached exhaustion. Thus, three
tanks were installed so that one could be loaded while two were
operating.
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Secondary treatment plant effluent, when used as feed to
-ne pilot plant, was obtained from the Easterly secondary clarifiers
rough an in-plant system.

The coal preparation pilot plant was located on industrial
~yoperty approximately two miles from the Easterly site. Railroad
éiding and switching facilities and truck scales were availablie, as
weore watchmen services, heat and utilities.

Electric power was metered at both sites.

.. (OAL PREPARATION FACILITY

The coal preparation pilot plant was designed and engineered
1o specification and erected under joint subcontract by The Jeffrey
wanufacturing Company of Columbus, Ohio, and McDowell-Wellman Engi-
neering Company of Cleveland, Ohio. Design conferences were held
~ith the U. S. Bureau of Mines and with Cleveland Fire and Safety
officials to insure that the mill would meet the most advanced safetby
standards. The Penn-Rillton Company of Florham Park, New Jersey, and
West FElizabeth, Pennsylvania, kindly contributed many valuable recom-
mendations based on its own experience in the producticn of foundry

facings from coal.

A1l construction and electrical work conformed to local
and Federal Code. Class 1-D, explosion-proof electrical equipment
vas used throughout the plant. High temperature sensors were
instatled with central-station alarm reporting, and conventional
protective devices were installed in the mill as described below.

The coal preparation and handling equipment was housed in
& one-room metal-sheathed steel frame building 50 by 80 feet in dimen-
sion, to which access could be gained only from out~of-doors. Con-
trols, office and sample-handling facilities, and = washroom occupied
an addition to the building separated from the mill room by a concrete
block wall. An explosion-proof diesel fork truck was used to handle
the vroduct coal.

Construction

Except for the receiving pit the coal crushing and sizing equipment ,
or mill, was erected as a free-standing steel-frame structure. The
mill was 23 by 31 feet in plan, rising 39 feet above the floor and 50
feet above the bottom of the lowest elevator pit. Figure 4-1

is an isometric drawing of the mill, numbered with reference to the
following description.

Coal was received by railroad hopper car. The car was positioned over

a feed pit (1) from the bottom of which a variable-speed screw feeder
(2) metered the raw coal to the No. 1 bucket elevator {3). The feeder
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sharpness of cut considered necessary at that time for the filter
development investigation.

Dry-screening was regognized to have drawbacks in respect
to cost and sensitivity of operation, with incomplete control of dust
content in the product coal. The method was chosen for use in the
pilot plant, however, because of the gize—control which could be
attained by it.

Dry-screening as & means to produce sized coal was the only
process step which was recognized at the time of pilot plant design
not be prototypal of‘large-scale plants. It was intended that the
method would be used until the'filter‘parameters were defined, after
which an air-classifier could be chosen. . This plan was accomplished,
and an air-classifier was used with . complete sSuccess for later pilot
plant tests runs.

C. TOCATION AND FACILITIES

The hydraulics, OF sewage—treatment, section of the pilot
plant was installed on the. site of the Easterly Water Pollution Cen-
ter, 14001 Leke Shore Roulevard, Cleveland, Ohic. The Basterly
plant is the largest of three sewage—treatment plants serving -
metropolitan Cleveland, and provides gecondary activated sludge Pro-
ceas treatment. to a design: flow of approximately 120,000,000 gallons
per day of mixed domestlc and industrial sewage.

The typical flow rate at Basterly during this progran ranged
from approximately.Tﬁ million gallons per day {(three million gallons

per hour).at night to 180 million gallons or JOTe quring the day 1n

dry weather. During storm .conditions the plant flow attained a max-
imm of 200 million gallons per day.

The Easterly. plant is a complete treatment facility except
for the disposal of the primary and secondary sludges. These are
pumped to the Southerly Sewage_?lant, a secondary tregtment plant
treating approximately 75,000,000 gallons per day of municipal sevwage,

where the sludge wastes from both plants are digested and inecinerated.

The Easterly plant does not pre-screen raw sewage . Coarse
solids are comminuted, O shredded, as the first trestment step. Raw
sewage for the pilot plant was drawn - from the.plant.influent jmmedi-
ately downstream from the Cémminutors, and therefore received no
pre—treatment other than aize-reduction of coarse matter.

The first treatment step .at Easterly is the removal of grit
by means of Dorr. Detritors in which dense, mostly inorganic, solids
settle and are removed. ALl pilot plant effluents were discharged
into the plant flow upstrean from the Detritors.
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Filter bed preparabtion was normally a continuous operation,
occasional interruptions occurred, but were found to cause no diffi-
culty. The Tobte-Bins of sized coal received from the preparation
plant were placed on the discharge stations by use of a Jib crane,
with the coal fed continuously to the mixing tank at an average rate
of one ton per hour. Fresh water was added to the mixing tank
through a float valve, and the resulting slurry was pumped contin-—
wously into the dedusting device (Py-Hukki classifier or. hydrocyclone )
which was mounted on the scraper mechanism over the filter. By con~
tinuously recycling the scraper and occasionally moving the cyclone
discharge hose, it was possible to deposit a nearly level and uni-
form filter bed.

The operation was basically automatic, requiring an opera-
tor mainly to change the Tote-Bins and to adjust the location of the
cyclone discharge.

Tn loading of the filter the slurry water drained through
the bed as rapidly as introduced and was periodically removed by
pumping. This operation was not automatic but could have been made
so by changing the filter wet-well design. The cyclone overflow dis-
charged into a gutter adjacent to the £ilter tank and wes customarily
discharged to waste. 1In several experiments the overflow water was
collected in the non-operating center tank simply by extending the
cyclone overflow outlet over the intervening walkway, without. the
need for the gutter or. pumping. This method would be convenient in
an operating raw sevwage system for return of the overflow black water
to the raw sewage inlet.

On completion of filter loading the bed surface was levelled
if necessary, manually or by ‘drawing the scraper blade backwards the
length of the bed. Under projected conditions only the latier opera-
tion, if any, would be necessary.

The bed-loading procedure was normally straightforward. In
extremely cold weather, at temperatures below approximately 10°F, the
surface of the bed tended to freeze if the loading operation was in
any manner delayed. Generally, the contained heat of the filter tank
and the incoming slurry was sufficient to prevent freezing; hovever,
the potential for freezing should be considered in future installations.
No other cold-weather difficulties were encountered during bed pre-
paration as long as the fluids were not allowed to stand for long
periods in exposed piping. Nor were any cumlative freezing diffi-
culties observed, such as the gradual formation of ice encrustations
on the exposed cyclone which might alter its orifice size and operation.

In windy weather, especially if the makeup operation was
interrupted, it was occasionally necessary to remove branches and other
large wind-borne debris from the bed as it was placed. lLegves and
other small objects created no difficulty. '

~ 2ho



On completion of bed loading the slurry and desliming eguip-
ment was simply drained, with no need for stand-by precautions except
for the prevention of freezing in any water lines which could not be
drained. Electrical heating tapes were useful for this purpose. In
commercial practice the slurry equipment would logically be placed
indoors.

Makeup water was introduced through a hose connected to
the Filter outlet standpipe (Figure 4-5). TFresh water was metered
ot rates of approximetely 1/20 GF2/M (20 GPM for a filter) umtil
several feet of water had accumilated over the bed. No special depth
was reguired as long as several feet of water were available to
cushion the first inrush of sewage; usually the makeup operation was
allowed to continue overnight unattended. Data listed for quantities
of mekeup water "used" must therefore be adjusted for what was other-
wise a factor only of convenience.

3. Filter Operation

Raw sewage or secondary treatment plant effluent was delivered
to the pilot plant area and controlled as described in Secticn I1. When
the filter was operated with no pre-treatment steps, a run was begun
simply by resetting the recorders and totalizers to zero and starting
the pumps and scraper. The filter tenk would Till at the maximum feed
pump delivery rate of approximately 22,000 gallons per hour until the
operating level was attained, after which the filter water level and
influent flow were controlled automatically according to the demand
of the filter.

At the start of a run the sewage was therefore diluted with
residual makeup water and the filter flow rate was consequently ini-
. tially high. The capacity of the wel~-well pump was approXimately 16,800
~gallons per hour, or 28Q gallons per minute,. so that when the filter
flow exceeded this rate the wet-well water level would rise and thereby
decrease the Tilter head until the flow rate matched the capacity of
the pump.

Most runs were therefore started at decreased heads of two
. to eight feet, since the flow rate at higher heads exceeded the pump
" capacity. The filter generally attained equilibrium after approxi-
mately 20 to L0 hours of operation, during which time the head was
gradually increased to the intended set value, usually 12 to 14 feet.
Scraper operation was also begun toward the end of this initial
period.

' Equilibrium was denoted by a leveling of the flow rate at the
‘set head with the scraper in operation. At this time the makeup water
had been replaced by sewage and the penetration rate of sewage solids
_into the bed surface had decreased to the same rate as the rate of
removal of the bed surface by the scraper.
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The scraper extended to approximately 3.5 inches above the
underdrain, so that a residue of coal always remained in a filter as
completion of a run. Because of scheduling limitations, most of the
runs were arbitrarily stopped at higher levels once the performance
of a thin bed was established. Several hours from the anticipated
end of a run the inlet flow was stopped and the filter allowed to
drain with the scraper operating. The scraper was then stopped and
the remainder of the water allowed to drain overnight.

In the pilot plant the remaining coal was removed and dis-
carded, by opening a drain flange at the surface of the underdrain
and flushing the remaining coal into the wet well, from which it was
pumped as a slurry for discharge.. Usually, one man operating a fire
hose supplied by either fresh water or effluent from an operating
filter would clean a tank in four to six hours. . This crude operation
was not refined; however, it appeared that the residual coal could
be removed by the scraper if it were modified to approach closer to
the underdrain and if provided with water jets to fluidize the coal.
Brief tests, described elsewhere, indicated that a portion of this

. coal, as well as of the.coal contalned in the filter sludge, could
be recovered Tor reuse; however, as a minimum the material could
either be added to the scraper sludge for dewatering and incinera-
tion, or returned to the plant inlet or the inlet of another filter.

No tendency for an operating filter to freeze was observed,
in spite of temperatures below zero and high winds. It was necessary i
to heat the pumps and piping during standby periods; however, the
filter tanks could be filled with water and covered with planks with
only a surface layer of ice collecting.

Eifires

In a commercial operation it would be logical to contain
..the ‘principal hydraulic equipment within. a heated building, so that
only the filter tank and scraper would be exposed. Many fewer Aiffi-
. culties than expected were encountered with freezing; and the need
. for housing the filters would appear to be determined by the form of
operation and the climate at each installation. Certainly the work-
ing conditions for operating and maintenance personnel would be more
selutary; however, in a plant where only the filter tank and scraper
were exposed the equipment could be weatherproofed to a degree by
-such as a heated housing on the scraper.

No special attention was given the system between runs
except for a cursory washing of sewage and coal frowm the equipment.
In several cases the filter residue was allowed to remain in a tank

.-for several months, but was readily removed with no apparent damage
- to the underdrain having resulted. Mainly for the safety of person-
‘nel and visitors, the tanks were covered with planks when not in use.
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Unless experimental changes were made the run then proceeded
automatically, with The scraper operating according to a pre-set pro-
gram. The filter level and head were maintained by the automatic con-
trols as long as the total flow rate did not exceed'éSO'gallons per
minute, or approximately'O.T_gallon per square foot per minute. This
condition did not occur in the pilot plant except in the startup of
all runs and in the post~treatment of secondary treatment plant efflu-
ent. The behavior in the latter case is described in the summary of
Run No. 11 in Section D.

Characteristicelly, the surface of a filter bed was soft
at the end of the makeup operation, prior to the start of a run; a
1/2-inch rod could be manually pushed into the surface to a depth of
one .foot or more. The surface hardened only slightly during the
first hours of filtration when the supernatant was relatively clear
water; but as a layer of. sewage solids accummilated the surface became
gquite hard and could barely be penetrated by the 1/2-inch rod. During
this initial period the bed surface also subsided several inches,
probably by compression of the supernghbant water against the surface
layer of sevage solids. After a run had attained equilibrium the bed
surface remained hard and flat, with no tendency to settle or swell,
and was not altered in this. respect by operation of the scraper. When
a run was interrupted for periods of more than a few hours the bed
surface would soften slightly, but on resumption of flow return to
its previous condition without apparent harm.

The method of introducing sewage. into the. filter through the
gated flume on one side of the tank appeared to be effective, although

" the design of the gates was such that rags and string tended %o gather

on them. These were removed periodically and discarded into the tank
without apparent effect by the clumps of soft matter on the scraping
operation.

The probability of large objects being inadvertently dropped
into an operating filter was considered and often demonstrated. Objects
ranging in size from nails to. b-inch pipe fittings, as well as tools
of various sizes and shapes. were occasionally lost in the opaque super-—
natant sewage. At first these were carefully vemoved by fishing with
a magnet; however, when the scraper sludge—collection‘tropgh was modi-
fied with the center-discharge auger it was found that such chjects were
collected by the scraper and, if too large or heavy to be pumped out
with the sludge, simply retained at the center of the trough until the
run was completed. It was never necessary to drain a filter to retrieve
lost objects.

Tn the same respect the Neva-Clog underdrain was found to be
resistant to damage by objects dropped onto it when the tank was empty.
In any event the material is readily patched by brazing or welding.
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The phosphate precipitants are also floecculents, form-
ing, in the case of iron, a hydroxide floec which is effective in entrap-
ping colloids and fine solids which could otherwise penetrate the
filter. By their use the fine solids are agglomerated into masses

; of such size as to be retained on the filter.

The differences among the solids removals listed in
the first five columns of. Table 4-CC are probably not significant
in view of the comparative shortness of some of the. tests. It was
observed during the phosphate removal tests that when ferrous sulfate
was carefully added at such a rate as to. react with the available
phosphates with no appreciable excess the degree of removal reflected
by the composite samples was generally higher. The use of lime to
enhance the formation of iron floc in the influent produced the same
results. Apparently when an excess of soluble iron was present the
increased formation of hydroxide floc in the composite effluent sample
was responsible for the lower apparent degree of solids removal.

The value of polyelectrolyte as a means of ilmproving
solids removal in the filtration of raw sewage was not conflrmed,
although in visual observation the effluent generally appeared some-
what less turbid than. when the material was not used. It does not
appear likely that the added cost could be justified for this purpose
alone in the case of raw municipal sewage.

When the filter influent consisted of secondary (bio-
logical) treatment plant effluent, the filtrate was always water-
clear and did not exhibit subsequent ' growth of solids. in the analy-
tical composites. Relatively few Tine solids were present in these
influents to penetrate the filter; and, since the soluble BOD was
low ag a result of the previous treatment, insufficient nutrients
remained in the filtrate to sustain continued biological action in
the composites.

Conclusions

1) As a means of treatment the coal-sewage filter as examined in
this program appears capable of removing virtually all suspended
solids except those in the colloidal snd near-colloidal sizes. Typi-
cal solids removals range from 96 to 99 percent, varying according
to the content of fine solids in the influent.

2) In the measurement of solids-removal by the coal-sewage filter
allowance must be made —— as it must be in any other -treatment process -~
for the subsequent growth of solids in the. effluent and effluent samples
as a result of biological and hydrolytic reactions deriving from
residual dissolved matter. Apparent errors. of Tive or more percent

in the apparent filtration efficiency can be introduced by these pro-
cesses.

320




in all raw sewage runs at twelve feet of head. Only a suggestion of
higher flow rate at lower solids concentrations is apparent.

The relationship was obviously not direct, and attempts to
define it continued throughout the program. Certain repetitive pat-
terns became apparent, which indicated that the rate and direction
of change of influent solids concentration was more influential than
was the actual solids level; and it also appeared that two design
features of the pilot plant -- the configuration of the filter tank
and of the scraper blade and collection trough —— were also involved.

Many graphical correlations of flow rate with independent
variables were attempted, these including total contaminant level,
time into the run, season, and suspended solids in both parts per
million concentration and total pounds over fixed intervals for the
same day and preceding two days and for the sums and averages of
these in all combinations. No direct dependency was apparent, how-
ever, except as can be sumarized as three general trends:

1} When the influent solids concentrations increased suddenly from
a relatively low and uniform level, the flow rate would immediately
decrease. If the solids concentration then decreased rapidly the flow
rate would generally increase accordingly. A direct and reagsonably
prompt relationship therefore existed, but mainly in cases where
abrupt and transitory changes in solids concentration followed a
period of low solids concentration.

2) When the suspended solids level rose and remained high for several
days the flow rate would first decrease but then'gradually rise to a
moderate level, indicating an ability of the system to attain equili-
brium, though only gradually, in spite of a high overall influx of
solids.

3) When the suspended solids level decreased abruptly following a
period of generally high concentration, the flow rate would not nor-
melly respond for periods varying .to as.long as three days or more.
Thus an element of lag was also apparent. This condition is well
illustrated in Eiguré k.17, where the influent gsolids concentration
had remained exceptionally high from the fifth through ninth day of
the run.

Normelly, then, the solids concentration began to rise
sharply on Monday following & period of low weekend concentrations,
with a characteristic sharp decline in flow rate to a typical low
on Tuesday or Wednesday. Although the solids .concentrations usually
remained high the flow rate would gragually rise later in the week,
seldom changing appreciably with abrupt changes of short duration in
solids concentration. The influent solids level then normally dropped
on Saturday but the flow rate did not rise notably until the following
day, during which it continued to rise steeply until the Monday influx
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In a 5-MGD post-treatment plant, for example, the entire
flow could be accommodated in a single filter, so that one extra
Tilter would be reguired for alternation. Assuming two weeks for
cleaning and bed preparation, the spare filter would be available
eighty percent of the time, representing a plent overcapacity of
100 percent during that period.

This overlap period could be used to advantage for optimi-
zation in early plants. In subsequent installations it would be
reasonable to divide the nominal flow between the twe filters, thus
halving the required flow rate. Since this reduced flow rate could
be maintained by less freguent scraping the rate of coal consumption
would then be considerably decreased, while the operating life of a
filter would be extended in proportion. This important consideration
and certain interesting ramifications of it are discussed further in
subsequent Section VII.

The materials balances and design calculations presented
in Section VII are based largely on the actual pilot planmt operation,
without optimization except in respect to the standardization of
filter hed depth and scraper cut and frequency. The calculated
values agree well with the pilot plant data, but are somewhat lower -
in the case of raw sewage where, in the pilot plant, most of the
runs vere performed at unnecessarily deep scraper cuts and at experi-
mentally reduced filter heads.

2. Coal Recovery

An exceptionally attractive means by which coal consumption
might be further reduced, by half or more, would be the recovery of a
portion of the used filter bed coal from the scraper sludge, as well
as from the filter residue.

One of the most important advantages of the consumable coal
filter over sand filtration or fine straining is the fact that the
filter medium need not be cleaned or otherwise separated from the
sewage residues. These steps are normally costly for sewage-treatment,
in the quantities of clear water required for rejuvenation, and are
eliminated in the coal process where the mixture of coal and sewage
solids is simply incinerated after removal of a portion of the con-
tained water.

Coal is no less readily separable from sewage solids than
is sand when considered on a gquantitative basis. However, it was
frequently cobserved in .the pilot plant that when samples of the
dilute (approximately five weight—perceﬂt) filter sludge were settled
half or more of the contained coal settled almost immediately, with
the remainder of the.coal and the sewage solids then setiling more
slowly.
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Coal consumption is & derived function which can be accurately
calculated only -after other process variables have been determined
and fixed; it can not be controlled independently.

Six variables influence coal consumption:

1) Efficiency of recovery of sized filter bed coal in the coal pre-
paration plant, the sized coal including the dust which can not be
removed by dry-processing

.2) Dust content of the sized filter bed coal, removed during the
bed preparation step

3)  Apparent density of the filter bed as placed

')  Quantity of coal remaining in the filter and not recovered or re-
used at the end of a run, as a proportion of the quantity originally
charged

. 5) Depth of .scraper cut during the sewage~treatment run
" 6) Frequency of scraping.

- For design and cost purposes coal consumption may be calculated
from four viewpoints:

1) = The guantity of coal removed from the filter bed during the sewage-
treatment operation per million gallons of sewage treated. This func-
tion is most influential on coal consumption and is deteérmined by

~ the required. depth of cut and frequency of scraping for each process
application. '

2) The total quantity of sized dedusted coal placed into a filter,
including the umconsumed portion of the filter bed, prorated over the

. total Quantity of sewage treated. Certain latitude is available in
this respect, depending on the depth to which a filter can be operated
(precedipg Seetion C-2-b) and the possibility of recovering and reusing

. 'the . residue coal.

3)  The total quantity of sized, but not dedusted, coal received at
the filter bed preparation operation, prorated over the. quantity of
sewage treated. Normally this rate is only slightly greater than that
for No. 2 above, reflecting the added weight of dust in the feed coal,
but is a useful calculation when coal is purchased to size.

“'k)  The total quantity of raw coal required for a.run, including waste
fines and dust, prorated . over the total quantity of sewage treated in
the .run. This rate is the maximum possible, and assumes waste of all
fines and no recovery of used coal.
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No operating abnormalities or hazards were encountered
or are anticipated. In windy weather, especially if the bed placement
operation was interrupted, it was occasionally necessary to remove
branches or other large wind-borne debris from the bed as it was
placed. Leaves and other small objects created no difficulty.

2. - The Sewage-Treatment Operation

a. Pilter-Adsorption Tank Design

The pilot plant filter-adsorption tanks were rectangular
in plan, 10 feet wide and L0 feet long. The dimension parallel to the
scraper blade (width) is modular and limited only by structural require-
ments of the scraper. Total filter flow varies direetly with filter
width.

Tank length is also approximately modular in respect to
flow rate, but is limited by the required frequency of scraping end the
maximum possible scraper speed.

Plan geometry is restricted only by the ability of the
scraper to reach all of the filter bed area. .Round filters were investi-
~gated on the four-foot diameter test rig scale, and would not possess

any inherent drawbacks. The effect of the variable rate of blade travel
over the surface could not be investigated, but from general observa-
tion was not concluded to recommend against the use of the design as
long as other scraper requirements were maintained.

The two-inch clearance allowed in the pilot plant between
the scraper blade and the side and end walls of the tank appeared rea-
sonable. A shoulder of unscraped coal, amounting in the pilot plant
to four percent of the surface area, accumulated as a result and in the
early runs periodically sloughed onto the bed . surface but to no apparent
detriment. The later addition of stiff rubber wipers to the sides of
the blade provided positive control and is reccmmended.

The pilot plant tank depth of approximately sixteen
feet was unnecessarily great in all runs and detrimental in some,
vhere the supernatant depth of over fifteen feet at times ceaused
excessive detention and the. concentration of suspended solids by
settling. The depth need be only as great as the Initial thickness
of the filter bed plus the minimm supernatant to prevent .scouring
of the surface by the incoming sewage. A two-foot depth was found
satisfactory for this purpose, so that. for an operation starting
with the recommended six-foot filter bed a tank would be approximately
nine feet deep zbove the underdrain when one foot of freeboard is
allowed.
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The method of controlling filtex head by throttling
the output of the wet-well pump was simple and effective. As
illustrated in the test runs with secondary effluent where the
pump capacity was. inadequate, an alternative method is to operate
the pump at a fixed rate less than the maximum filter flow rate.
In such a case the head becomes self-controlling, sutomatically
adjusting itself to compensate for variations in filter flow. There
does not appear to be any limitation regarding minimum head: The
pilot plant filter was operated at heads of as low as two inches.
The head could be reduced to zero during interruptions and then
increased to flow conditions days later without apparent effect.

d. Sewage Supply énd Coritrol

The method of distributing the incoming sewage through
a single channel on one side of the filter was satisfactory, although
in the pilot plant the design of the gates was such that rags and
string tended to gather on them. These .were periodically removed
and discarded into the tank with no apparent harm. It is likely
that dense suspended matter tended to settle and thus concentrate
on the inlet side; however, no evidence of effect on. the process or
on the scraper performance was observed. The only. design requirement
would be the conventional one of providing adequate.velocity of the
sewage to prevent the settling of grit in the channel.

It was necessary in the pilot plant to pump the pro-
cess influent to the level of the filter and to throtile the flow for
purposes of experimental control. WNeither would be necessary in an
operating plant. assuming that the filters could be built .at or below
the level of the incoming sewage. In such a case the filter inlet
would be connected directly with the inlet channel. . The filter water
level would then fluctuate with the level of the inlet, with varia-
tions in flow accommodated by control of. the head. Except that .the
wet-well pump flow would need to be varied pericdically with total
inlet flow, the process would be self-controlling.

In the case of raw.sewage the presence. of grit was
found beneficial to. flow rate; and no grit-removal: step would appear
to be needed. Screening or comminution of. large solids would be
rvequired with the necessary minimum size determined). as i the case
of conventional plants, by the size capacity of. the equlpment for
subsequent ‘steps.. Ordinarily, the limiting size would be that of
the .scraper sludge pump.

In commerc1al operaxlon it would be .logical to cen-
tain the principal hydraulic equipment within a heated building, so
that only the filter tank and scraper would be exposed. Many fewer
difficulties than expected were encountered with freezing; and the
need Tor housing the filters .would appear to be determined. by the
form of operation and the climate at each installation. Certainly
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runs in which it was necessary are not fully valid. These are noted
in the operating summary table in Section III.

A hopper car. was spotted over the receiving pit and sampled
for analysis by a commerciagl firm. The car then served as raw coal
storage during the mill run, slowly emptying into the pit as the coal
was processed. When the coal was wet it was occaslionally necessary
to rod the load and ctherwise insure that the feed pit remained full.
In all cases the coal was specified to be non-treated, as by oil or
anti-freeze agents. None of the cars was received solidly frozen,
‘however, and little difficulty was encountered with such freezing as
did occur.

The rate of feed to the mill was governed by adjustment of
the screw feeder in the receiving pit. When operating equilibrium
had been attained, in several minutes after startup, the scalped over-
size coal from the screener was returned to the inlet end of the
feeder, so that the remaining volume was made up by raw coal. The
rate of feed of raw coal was thus self-controlling. -

The feed coal was delivered by a bucket elevator to a
metal-free rubber belt passing through a metal detector arranged to
stop the feeder, elevator and belt when any metallic object in the
coal was encountered. A magnet ahead of the belt removed tramp iron;
however, occasional stoppages resulted from the presence of non-
ferrous metals. The effectiveness of the metal detector was espe-
cially notable in the first mill run, as weld spatters and . other
construction debris were being removed.

The mill could not be restarted until The section of con-
taminated coal has been cleared from the belt. This was discarded,
as the metallic objects were seldom large enough to be seen. Non-
metallic objects such as wood and cloth were not removed unless
casually observed but did not appear to influence the operatiom.

The coal was delivered from the belt to the impactor and
“thence through a second bucket elevator to the. gyratory dry screener.
The impactor operated umeventfully; the screener operation was
strongly influenced by the impactor performance and by moisture and
0il in the coal, and is discussed at length in Part Three.

The 51zed fllter bed coal was collected in the storage bins
and periodically loaded into Tote-Bins which were then trucked to the
sewage—treatment pilot plant. Each Tote-Bin was sampled throughout
its depth by a thief, and the sample was analyzed before. shipment.

Any loads which did not meet fines specifications were rescreened.

It was found generally, however, that the product from a given car-
load of coal was either acceptable throughout a mill run or required
re-screening in its entirety.
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Vv DISCUSSION, COAL PREPARATION

Parameters of the coal grinding and sizing operations are
discussed in Part Three of this report, along with recommendations
for the selection of equipment type and processing scheme. Design
of the coal preparaetion pilot plant was based largely on the conclu-
sions derived from the basic equipment and processing studies, and is
described in Section IT of this part of the report.

This section is a discussion of the pilot plant coal prep-
aration work. FEmphasis. is placed on the performance of. the eguipment
as installed and operated; and recommendations are presented in regard
to future plants.

While careful design and control are necessary in order to
meet the size specifications of the product coal, the preparation
procedure and equipment -are otherise similar to those employed in
existing commercial plants. Many of the observations and recommen-—
dations presented here are standard practice in the industry; and
the sewage-treatment plant designer should not infer that any extra-
ordinary .technology or hazard is involved.

A. GENERAL OPERATION

The coal used in. ten of the twelve sewage-=treatment runs
was ground and sized in the pilot plant operation. A total of k23

 tons of filter bed coal was prepared from 558 tons of raw coal

obtained from three sources OVEXr & period of sixteen months.

A1l of the coal was veceived by rail. To eliminate the
requirement for storage and mixing, the filter runs were based on
carloads of coal, the guantity setually placed in the filter for a
given run therefore varying with the welight received and the effi-
ciency of processing. Two carloads were used for Runs 1 and 2; the
remaining rums were based on one load each. As-received coal size
Xaried between 1/l-inch by 1/2-millimeter and two—inch by zero (Table

~Y). :

Because of the sgensitivity of the -dry-screening method to
high moisture content in the coal, an attempt was made to have the
cars covered with tarpaulins at the mines; however, these invariably
Jeaked and most of the cars shipped during rainy periods were received
with water running from the bottoms. As a consequence the plant can
be reported to have operated with as-shipped coal. In certain cases
the dsmpness of the coal resulted in partisl blinding of the sizing
screen, so that rescreening —- for which provision had not been inclu-
ded in the design -- was necessary. This operation involved manual
labor and was wasteful of product, so that operating data for those
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VI SLUDCE DE-WATERING AND INCINERATION

A, INTRODUCTION

Disposal. of the solid matter removed from sewage is one of
the most cumbersome and expensive aspects of conventional sewage-
treatment. The waste sludges are putrescible and voluminous, seldom
containing less than 95 percent water, and must be stabilized and
reduced in volume for ultimate disposal.

These sludges are commonly subjected to anaerobic digestion
as a first step, in which process the total quantity of solids is
reduced and the remainder is biologically stabilized. After subse-
gquent conditioning the digested gludge can be filtered to remove the
solids, which are. then used as soil conditioners or disposed of by
ineineration. There is increasing interest in the direct filtration
of the raw sludges for ineineration, and in the disposal of digested
sludge as a soil conditioner without filtration; but in either case
large quantities of low-concentration sludge must be extensively
handled.

One of the most valusble features of the coal-sewage pro-

cess is the fact that the waste sludge is concentrated, representing f

less .than one~half percent of the plant flow, and that the heating

. value of the sludge is so inereased by the entrained coal as to per-
mit high-temperature incineration with only minimum de-watering.
Excess heat is also produced during incineration, which may be
recovered in useful form as 2 means of reducing process cost.

The .coal-sewage sludges are also putrescible, although the
‘action is somewhat inhibited by the presence of the contained coal.
In small operations it might be.convenient to dispose of the solids
by eareful land-fill; however, incineration would be desirable, if
not required, for most cases.

Portions of the experimental program were directed toward
means by which the coal-sewage sludge can most suitably be burned,
and to an evaluation of the combustion process. De-watering of the
sludge, by the minimum methods necessary to meet the requirements of
incineration, was also investigated in conjunction with the combustion.

. When the coal-sewage process is used for the post-treatment
of secondary biological treatment plant effluent, the sludges from
the conventional plant must still be disposed of. The combination of
these with the. coal-sludge was also considered as a means of simpli-
fying the conventional plant operations, and is discussed in this
section.




The potential cost-saving by elimination of grit-removal,
digestion and Ffiltration in any of the plent stages might also justify
the purchase of additional coal solely to enhance the sludge-disposal
operation. For suech a use.the coal would need to be onlj ground
without removal of undersize and oversize material.

The process specifications and cost estimates in Sections
VIT and VIII do not assume the combination of sludge-handling facil-
ities in a combined plant, since the concept and methods have not
been experimentally.confirmed.‘ It is strongly recommended that the
approach be thoroughly investigated, since success would result in a
substantial reduction in capital and operating costs.

G. DESALINIZATION -OF SEA WATER WITH INCINERATION HEAT

In 1965 Pope. and Demipg.published a study of the extent to
which a.ccmmunity's'fresh,water.needs.could,he supplied by the desal-
inization of sea water when only coal-sewage sludge and municipal
solid refuse were used as fuel. A flow sheet is presented, with sep-
arate materials and flow balances for the coal-sewage sludge, munici-
pal refuse and a combination of both.

The disposal of solid refuse, while not part of the coal-
sewage investigation, deserves attention when the recovery of power
from the spent coal wastes is assumed. Various sources report that
quantities of from three to five pounds of garbage and refuse with an
average heating. value of 5,000 Btu per pound “ere produced per person
per day; and the.recovery of pcwer:from.this'immense source of free
fuel is being increasipglyrexploited...It is reasonable that when a
power-producing ineinerator is operated at a sewage—treatment plant,
. the inclusion of solid refuse in the same furnace could result in the
- reduction in a municipality's waste-disposal costs while producing
a significant'amount of power. Pope and Deming's .study is reviewed
here as a practipal'example of the extent to which this power could
serve a . community's needs.

The authors assume a community of 100,000 persons, consuming
an average of 150 gallons per person per day of fresh water, and pro-
ducing 120.galloné of sewage and .4 pound of 5,000 Btu refuse per
person per day. A 12-million GPD sewageatreatment plant is therefore
required, for which the coal-sewage process is assumed. A& coal con-
sumption of 5.0 tons per million gallons, based on the pre-pilot
plant data from this program, is used for calculation.

The proposed desalinization plant assumes combustion of the
waste at 81 percent efficiency, to produce. steam at 1,200 psig. The
high pressure steam supplies a turbine generator, and is exhausted to
a multiple stage flash evaporator. All surplus electrical energy not
supplied to in-plant auxiliaries is used to produce additional fresh
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It is not within the scope of this report to recommend
specific combustion processes; the design engineer would be expected
to solicit quotations from manufacturers of different process types.
Certain general conclusions and recommendations may be presented,
however.

1. When the coal-sewage process 1s used in the tregtment of
raw or settled sewage, or secondaary treatment plant effluent, the
process waste consists by definition of a five weight-percent slurry
of coal and sewage solids in water. On a moisture-free basis the
composition of the dried sludge ranges between extremes of approxi-
mately 1.5 and 13 weight percent sewage solids and is more typically
within the range of 6 to 1l percent.

2. The heating value of the dried coal-sevage. sludges 1s the
sum of the separate heating values of the coal and sewage solids,
and is typically 12,500 to 13,500 Btu per pound depending on the
type of coal used. The combustion properties of the coal-sewage
sludges are predictable. from analysis of sludge composition and
water content, and conventional engineering techniques may be used
in description of the combustion process.

3. The composition of the stack gases from the ineineration
of coal-sewage . sludges is predictable from the composition of the
siudge fuel. Except that the water vapor content is increased and
that sludge odors can be ‘produced when the incinerator is not
properly designed or operated, the composition of the stack gas
is similar to that produced in the burning of coal.

L, The addition of sulfur-suppressants, such as limestone,
to the sludge.fuel reduces the sulfur content of the stack gas in
the samé manner as. in.the case of normal coal. The use of lime with
phosphate precipitants in the sewage-treatment process may provide
a1l or portion of the reguirement.

5. The required degree of sludge de~watering is deteérmined by
the type of firing equipment as recémmended by the incinerator
designer.

6. The sludge produced in operation of the coal-sewage filter
can be de-watered by simple gravity-settling to conbain approximately
50 percent solidsj; a filter press, with air-blowing, was shown to be
 capable of producing a cake of at least 67 percent solids. Centri-
fuging is expected to be the method ultimately adapted. There is
some indication that a basket—type or disc~type centrifuge might be
most effective.

Gravity-settling should be investigeted further, possibly

in conjunction with centrifuging as recommended by the designers of
de-~watering equipment.
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In a large plant where several filters are operated together,
the use of a settling-ccllection basin to receive all in-plant waste
streams would be especially convenient as a means of stabilizing the
sludge flow rate and of concentrating the sludge, with a substantial
likelihood of being adequate at the same time to produce a sludge
which could be burned without further mechanical or thermal de~watering.

7. In the grinding and sizing of filter bed coal a quantity
of fines equivalent to approximately one-third the weight of filter
bed coal used is produced. When these fines can not be more advan-
tageously disposed of they may be added to the partially-de-watered
sludge to increase the solids content and heating value.

- 8. A wide variety of furnaces and burners appear satisfactory
for combustion of the de~watered coal-sewage sludge, subject to the
following observations.

a. Conbustion at high temperatures is necessary to
insure destruction of odor. Water-cooled furnaces (boilefs)'are
reported .to more satisfactory for the purpose than simple refractory-
lined furnaces. The use of a steam-generating incinerator is there-
fore recommended, even for situations where the steam is not used
but is simply condensed for recycle.

b. De-watered coal-sewage sludges, at least within the
range of 50 to 67 percent solids and probably beyond, are somewhat.
pasty in composition and tend to extrude in feeding equipment rather
than to behave as granular solids. Care must therefore be exercised
in the selection of conveying and feeding equipment.

The designers of materials-handling systems would bhe
expected to have no difficulty in selecting suitable equipment. Vg
Commonly-used methods include conveyor or cage-mill pre-drying by
use of steam jackets or furnace off-gas, and admixture with recir-
culated fly-ash or bottom ash. ‘

c. Although the spreader stoker was used in two tests,
a specially engineered design would be required for ummodified
de-watered sludges. Effectiveness of the spreader stoker depends
on its ability to throw a thin uniform layer of coal over the fire
surface, and is diminished when the fuel is a cohesive mass.

Chain-conveyor fuel feeders, a guillotine-spiller, or
a modified spreader stoker, preferably with pre-conditioning as
described in "o" sbove, were recommended by the Detroit Stoker Co.
engineers, and others would no doubt also serve.

d. In sPité of the small particle size of the contained

coal the coal-sewage sludge does not exhibit any greater tendency
to fall through furnace grates than do the fines in normal coal; and
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it is expected that .conventional ‘grate designs would be satisfactory.
The several types of moving grate developed for refuse inecineration
should also be considered.

e. FNo tests were performed on . the ‘burning of. coal-sewage
sludges by pulverized-fuel equipment as operated in large boilers.
It is proabable that only small smounts of raw—sewage/coal sludge
could be accommodated if mixed into.the feed to a pulverizer because
of the water and the large, soft and. stringy sewage solids present.
Post-treatment filter sludge would be more attractive because of the
small and vniform particle size of the sewage solids.

It is improbable that the sludges, unless dried,
could be fired directly in a pulverized-fuel burner without modlfl—
cation to improve handiing and size—uniformity.

Cyclone-type burners, as sometlmes used in large fur-
naces, are less sensitive to fuel size and water content... The opera—
tion of a wtility boiler . on a TO—percent coal. slurry pumped directly

- to eyclone burners has been demonstrated to be.feasible and should
be considered when large quantities of coal-sewage sludge are
available.

9. The guantity of steam which can be ‘produced from sludge
incineration can be detérmined by direct calculation. An overall
incinerator-boiler efficiency of .75 to 80 percent, including . furnace.
and stack losses and the vaporlzatlon of contained water, is estimated.

As a rule of thumb theAheat loss in the vaporization of
water from the de-watered sludge is approximately offset by the
increase in heating value due to .the contained. sewage solids, so
that the net guantity of recoverable heat is approximately equiva-
lent to that available from the- original as-received coal.. On the
basis of the weight of contained solids approximately 90 percent of
the original heating value of the coal therefore appears as. steam;
on the basis of total weight of sludge, including water, approximately

175 to 80 percent of the as-received. heating value of the sludge is
recoverable,

According to general literature sources, from 16,000 .to
18,400 pounds of low-pressure (500 psi) steam can be recovered per
ton of contained sludge solids, depending on type of coal used and
-efficiency of the incinerator design.

10. In small plants the value of the steam produced .would
probably not.be recovered, although experience has shown that when
free steam is available a use is nearly always found for it. In
larger plants the steam could definitely be used to supply all in-
plant needs, including the supply :of air for the biological secondary
process,
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The by-product steam would be used when the coal-sewage
process is used in industry, and in many other cases could be sold
to nearby consumers as an alternative to their operation of indepen—
dent boiler plants. In certain situations large industries coperate
internal electrical-generation plants under reciprocal agreements
with utilities to buy or sell electricity as needed or as available
in excess. Such an installation might be especially attractive for
a large sewage—treatment plant, where conventional electrical equip-
ment could be used and supplied with power, and where a single market
for all excess power would be available at all times.

11. As one example of the extent to which process .steam could
be used, approximately 140 percent of a community's fresh-water needs
could be supplied by desalinization of sea water when only the coal-
sludge from raw sewage treatment is used as fuel. In post-treatment

applications the proportion would be approximately 5.5 percent.

12, An economy in the incineration of solid mmicipal garbage
and trash would probably be realized when these wastes and the coal-
sewage are burned together in a single incinerator equipped for heat
recovery. '

The heating value of this additional free fuel is substan-
tial. Continuing the example of desalinization, .the fresh-water
production from a plant.burnipg the combined sludge and. refuse would
meet approximately TO.percent of a community's needs when the.coal
process is used to treat the raw sewage from the community; .35 percent
would be met when the process 1s used only for post-treatment.

13. Combination of the post-treatment coal-sewage - sludge with
the primary and secondary plant sludges was not investigated in the
pilot plant, but appears feasible and is strongly recommended for
continued study.

It is ‘probable that the separate process steps of grit
removal, sludge digestion and vacuum filtration as}generally.required
for primary and secondary treatment could be eliminated as a. result
of the improved de—watering'properties'imparted to the sludges Dby
coal. The mixture could be burned at a higher water content as a
result of the added heating value of the coal. When solid refuse
is also introduced to the partially de-watered sludge, -along with
waste fines from coal preparation, the burning properties could be
expected.to improve. The purchase of additional coal exclusively
for this purpose might also be justified, especlally when a use for
the large amount of pover available from an integrated municipal
waste-disposal system is available.
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consumption can be calculated. Pypical flow and materials balance
for the process when used for the treatment of raw sewage and secon-
dary treatment plant are included as these generally t&pify the
lowver and upper limits of. performance. These examples are the bagis
of cost estimates presented in Section VIII,

B. FLOW SHEET

Figure h-31 is the general flow sheet for the coal-sewage
fiiter process, and is based on the performance of one complete run
as the minimum unit of operation which incorporates all Process fea-
tures. Performance of a run involves in-plant recycle streams which
must be retreated and which therefore require that the filter capacity
be inereased slightly over that necessary . to. treat the nominal flow
of sewage. Certain of these streams are intermittent, and the design
of the plant depends on their quantity and the means by which they are
apportioned .over the length of a run. Certain assumptions must be
made:

1. Filter Bed Prepardtion

The dry sized filter bed coal is prepared as a slurry with
Plant filtrate at a rate determined by the overall size of the opera-
tion, by the capacity of the coal preparation plant, and by other fac-
tors. such as the most . economical application of available. labor.
These characteristics will vary. in all situations, and the quantity
of filtrate recycled through the slurry operation is therefore an
average daily flow determined by the quantity of water required for
a filter of given area, prorated over the length of the run which
can be conducted in . the filter.

It is desirable that the filter bed be placed during a rela-
tively short period to reduce acid-production and for substantial rea-
sons of economy as discussed in Section V. . The actual rate of diver-
sion of filtrate and return of slimes to the influent would be greater
for short intermittent periods than the average rate,

The bed coal as placed in the filter must contain less than
approximately 1.5 percent as dust smaller than 270-mesh.. This dust
level is not dependably attainable by dry-sizing, and the use of a
hydrocyclone desliming step is specified. .When the filter is not
pPreceded by a solids-removal step, such as settling, the slimes are
returned to the filter inlet. When pre-treatment is used the slimes
are returned to a location prior to the ‘presettling step in order to
reduce the load of fine solids in the filter influent. The quantity
of suspended solids will vary widely with the dust content of the
-coal, the rate of addition and the total plant flow, but will normally
range between 5 and 30 ppm during the placement period.
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INTRODUCTION

_ YII PROCESS DESIGN

A.

Many applications of coal to sewage'treatment have heen
ved in this report, but the central and novel feature of each

consumable coal precoat filter. This basic "coal-sewage Pro-

ig the
ceas” is deseribed in this section as the minimum weit which can be
riate,

operated as either a complete treatment facility where approp
or 28 a‘process.supplement which can be installed and operated inde-

pendently of the functions or equipment of the associated conventional
secondary plant. ‘

conside

In respect.to process.design, the variations which have
been investigated fall generally into two categories:

1. Improvements,of.the filter process by means which would not.
affect the flow sheet or structures of an installed plant. . These

are concerned mainly with increasing the flow rate and decreasing

coal consumption by manipulation of process controls as recommended

in Sections IV, V and VI. A1l -of these refinements can be investi-
gated and implemented within the basic design described here.

a sewage-treatment system of which the coal-sewage
sheet or egquipment
The removal of

2. Improvement of
filter is only a part, where .changes in the flow

of any part might be altered‘by.the‘combination.

e AR AR
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phosphates by chemical'precipitation'prior 4o secondary treatment

where the coal process 1s used for post-filtration,

and the elimina-

tion of grit-removal and.sludge—&igestion by combination of the pri-
mary and secondary sludges with. the coal-sewage sludge for direct

de-watering and incineration are examples.
tione in process appli

These ‘are mainly varia-

cation; and while they are recommended for con-—

tinued investigation they are not as a whole reflected in the basic

.design.

and sludge incineration

The two important auxiliary operations of coal
are also not integral %o +the basic process

preparation

except as certain specifications are determined by the process

requirements and. performance.
accomplished through
engineeripg'practices;

to be performed at the sewage-treatment site or under
Sludge de-watering is included in

since the excess water mist be returned to the

of the sewage—treatment operator.
the basic. process,
plant inlet for re—treatment.

A single flow sheet is presented
filter process. for use in any application.
and performance of the sep
design equations is given
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Both functions can be efficiently
the use of conventional equipment and established
and ‘there. is no ‘inherent requirement for either

the supervision

vhich represents the basic
The general requirements

arate steps are discussed, and a series of
by which filter size and overall coal




The flow sheet also assumes, for simplicity, that the eleap—
water fraction of the clean cyclone underflow, which drains through
the filter bed as it is placed, will be combined with the slimes'fOT
return to the raw sewage inlet. Depending on the content of aciq gr
iron, if any, this water can probably be returned to the plant effiy-
ent. The point of return of this combined stream is indicated in the
materials balances for the two process applications.

2. Filter Makeup

After placement of the bed the filter is made up with plant
filtrate, the required quantity depending on the depth and area of the
filter and the depth of supernatant water. A standard bed depth of
six feet is assumed in these specifications, with two. feet of superna-
tant water. Other values may be substituted in the design equations
in Section "C", however.

The maskeup water constitutes a second recycle stream. As
in the case of the slurry water the quantity is assumed to be pro-

rated over an entire rumn.

3. Filter Operation

The largest process recycle stream is the removal of coal-
sewage sludge by the scraper and the return. of a portion of the con-
tained water after de-watering of .the sludge. Because .this sludge is
removed from the surface of the filter in a vehicle of supernatant
water, the recirculation loop is independent of the filter process;
and in fact the required area is reduced slightly by the amount of
‘process 1nfluent withdrawn ahead of the filter and retained in the
de-watered sludge. In the flow sheets. the supernatant sewage and
the filter sre shown separately in order to emphasize this aspect.

The sludge de—watering step is asSumed tO'proceed continuously,
receiving sludge at a relatively constant average rate from one or
more filters. 'The de-watered sludge is produced at a fixed water con-
tent determined by the type of inecineration process used, and is here
taken at the proven value of fifty weight percent. Other concentra-
tions may be substituted, however.

- b, Tank Clearing

On completion of a filter run the bed residue must be removed.
For this purpose the tank is cleaned with plant filtrate. The resu%tlng
slurry is assumed here.to be de-watered for incineration of the solids.

The de-watering step is shown in the flow sheets as a separate
operation because it is intermittent, as opposed to the continuous de-
watering of the process sludge. In practice the two materials would
probably be combined for treatment in one operation, producing single
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SEWAGE TREATMENT PIPELINE
FOR THE

CAPITAL REGIONAL DISTRICT
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R.G. TENNANT AND ASSOC.
P.0. Box 35691, Stn. E
Vancouver, B.C.

VeM 4G9

Tel. 325-2958

June 11, 1990

Mr. Mike Williams, Chief Engineer
Capital Regional District

524 Yates Street

Victoria, B.C. V8W 1K8

Dear Mr. Williams:

Please find attached a proposal to build a 34 mi. long pressure sewer
pipeline to export and treat Victoria’s sewage for industrial use at the Jordan
River Hydroelectric Project. Basically, the pipeline is viewed as a potentially
economically practical method of resolving both a chronic drought situation at
the reservoir and the promiscuous problem of dumping raw sewage into Victoria’a
nearshore waters. It could also serve to catalyze industrial development of

Jordan River.

This proposal is primarily the result of an intuitive-based assessment of
how best to minimize the environmental and social conflicts inherent in the
construction and operation of the pipeline, and it remains to be seen whether
this assessment can be reconciled with detailed engineering and economics. While
R.G. Tennant and Assoc. are not qualified to undertake such a complex pipeline
study, our interest would be served by licensing and by contracting with the CRD
to pursue a feasibility study.

We Took forward to your endorsement of any components of interest in the
proposal.

Yours sincerely,

Richard Tennant
President

RT/da

Enclosure



SUMMARY

The following provides a conceptual outline for a 37 mile long sewage
treatment pipeline to export up to 30 MGD of raw sewage from Victoria and treat
it for use at the Jordan River Hydroelectric Project. The pipeline would be
utilized as a pressurized aerobic biclogical reactor (see attached Appendix #1)
whereby 48,000 CFM of compressed air would be injected into the sewage, along
with a host of nitrifying aerobes, to degrade it to a secondary Tevel during its
journey up to the reservoir. The outflow from the pipeline would be further
treated in stabilization ponds situated above the reserveir, followed by either
soil filtration or extended aeration in oxidation ditches running along side the
reservoir. Eventually, the resulting effluent would be employed to reduce the
vulnerability of the reservoir to drought, thereby increasing the reliability
of contingency power reserves for Victoria.

Pipeline installed cost is projected at between $60-80 million, based on
vendor estimates for constructing a steel force main, (arbitrarily sized at 36
in. dia.) along with nine pump stations, each to be equipped with a four pump
system. Gross power consumption is calculated to be 25 mwh/day, at maximum flow
rate of 21,000 GPM (1.31 m 3/S). Total power cost is estimated at $5
million/yr.. based on having B.C. Hydro deliver it from the maintand at a cost
of 2.9 cents kwh, inclusive, and assuming an even credit from Hydro for
generating 5 mwh/day from effluent discharge. An independent electrical service
would provide backup power from the Jordan River hydroplant (26.5 mw).

The projected flow rate is roughly based on combining the average annual
discharge permits for Victoria’s two main outfalls at Clover Point and Macauley

Point. At maximum flow, friction head loss was calculated to be .544 ft. per
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100 ft. section of pipe, plus 10% for major bends enroute. Velocity is estimated
at 8 ft./sec.

The first six pump stations are to operate with submersible pumps to
deliver pre-macerated, raw sewage 24 mi. from Ogden Point through to West Sooke,
where it will then be injected with the compressed air and aerobes. A suitable
submersible pump would be the ITT-Flygt model 3350, each rated at 8000 USGPM at
250 ft. head with 670 h.p. motor. After aeration, the last three pump stations
would operate horizontal splitcase pumps, in wet wells, to deliver the effluent,
over eight miles, up to a pipeline peak of 1,772 ft. (540 m). This will then be
followed by a 2 mi. long descent and final discharge into the stabilization ponds
at 460 m elevation. A variety of horizontal splitcase pumps are available,
including the Worthington-Dresser model 10LN-26, each rated at 7000 USGPM at 600
£t . head with 1500 H.P. motor. Proposed station locations were determined on the
basis of combining pump performance characteristics with static and friction head

Toss estimates only, with static loss determined from topographical mapping at

scale no. 1:50,000.

TREATHENT

To oxygenate the pipeline, air compressor design would be based on a system
aboard the "Thames Bubbler", a river aeration barge, whereby 2000 L/S of water
is aerated with a compressor powered by a 2 MW generator, with the air first
cooled, then fed through zeolite beds to remove nitrogen before injection. (No
consideration was given to calculating possible head loss due to the increased
air volume during pumping, or to controlling its dissolution at the splitcase

pump stations). It was roughly estimated that compressed air injection at a rate
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of 48,000 CFM would be equivalent to adding 5 tons/day of oxygen and that this
should suffice to mitigate the dissolved oxygen deficiency to allow aerobic
breakdown and oxidation of contaminants. (No consideration was given to
determining either the volume or type of inoculum). Compressor aeration may also
be supplemented with atmospheric aeration by placement of open flumes along
interrupted sections of the discharge pipeline. The outflow pipe would be gated
and remotely-controlled, with alternate-loading of each stabilization pond.
Although the total land area for the ponds was not calculated, it should be
substantially less than that required for a conventional lagoon system due to
the pre-aeration in the pipeline and consequent reduction in required retention
time.

The ponds should prove a low cost, simple operation to set up and run,
particularly as the terrain at the reservoir is wide open and gentle-sioping.
The ponds could be created behind a series of filter dams that would
automatically decant settled effluent into a common sand filter to further reduce
nitrate levels from BOD breakdown. (Sand filter dimension would be approx. 350
ft.long x 150 ft. wide x 50 ft. deep.) The filtrate would then leach onto
terraces carved above the reservoir to allow slow soil filtration and
biotreatment. If necessary, an artificial marsh could also be created to
increase filtration and nutrient absorption.

An alternative to filtration is to discharge the ponds directly into either
flumes or oxidation ditches running alongside the Bear Creek reservoir, with
final discharge into either the mid-Diversion or lower Elliot reservoirs. These
structures could be lined with rocks encased in gabions, with bulkheads installed
at strategic points to encourage additional turbulence and oxygen exchange. As

gabions are semi-permeable, they could also serve to fine-filter sediment, and



P

4
possibly, to capture phosphates and catabolize contaminants. Given sufficient
Tength, ammonia ion gasification and subsequent de-aeration would be assured,
and the final effluent could be diluted with fresh water as needed for direct

injection into the hydro penstock.



ROUTE PROFILE

No. 1 submersible pump station would be situated along the Ogden Point
breakwater to receive sewage diverted to it by short feeder pipes from the nearby
outfalls. The feeders would also serve for storage and to buffer flow
variations. The station head works would be equipped with a channel-mounted
rotating screen and grinder to macerate the sewage.

Beginning at 15 m depth and not exceeding 25 m depth, the force main would
extend 5,750 m across the harbour to 1and on the Colberg Peninsula (tow-out
construction). From Colberg, it would proceed 900 m up to the southwest corner
of Royal Roads military college, discharging into no. 2 station to be situated
at 25 m elevation.

From no. 2 station, the pipeline would proceed 1900 m up Allendale Road
to Highway 14. It then runs 1900 m down along the highway to connect with the
old CN Rail corridor, discharging into no. 3 station at the junction.

From no. 3 station, the pipeline would proceed along the CNR bed for 12.6
km, discharging into no. 4 station at the junction with Rocky Point Road in
Metchosin, near a B.C. Hydro transformer station.

From no. 4 station, the pipeline would continue along the CNR for 8 km,
through the Matheson and Roche Cove parks, until parallel to the entrance to
Cooper Cove in East Sooke basin. It would then leave the CNR and cross 500 m
of water to the Goodrich Peninsula, discharging into no. 5 station to be situated
near the recently-closed Lamford Forest Products mill.

From no. 5 station, the pipeline would proceed up the Goodrich Causeway
to re-connect with the CNR at 20 m elevation. It then continues along the CNR

for 2300 m to the vicinity of the Cedar Glen Mobile Home Park where it finally
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leaves the CNR with a 1200 m long section which proceeds across the Sooke River
at 5 m depth to discharge into no. 6 station above Philips Road at 45 m elevation
(a simple pipe bridge could also cross the river, depending on political
acceptability).

A horizontal tunnel, 2400 m long, would receive the discharge from no. &
station. This tunnel would be excavated through clay-like soils and would exit
in the mid De Mamiel Creek area to connect with a surface pipeline extending 700
m up to the entrance to Boneyard Lake Road. Discharge would occur at 104 m
elevation into a lined glory hole that would feed the sewage through a short
tunnel equipped with air-injection lances preceding no. 7 pump station (no. 1
horizontal splitcase) at 91 m elevation.

From no. 7 pump station, the pipeline would proceed up Boneyard Lake Rd.
for 1800 m to 220 m elevation where it would then continue horizontally for 2000
m to the west of Boneyard Lake, with a final jog directly west for 900 m, toward

the Butler Mainline Logging Rd., discharging into no. 8 station on the plateau

at 250 m elevation.

From no. 8 station, the pipeline proceeds across the plateau to connect

with the Butler Rd., continuing up it for 3 km to discharge into no. 9 station

to be situated at{10 m elevation.

From no. 9 station, the pipeline would continue up the Butler Rd. for 4.5
km to its peak at 540 m elevation (1,772 ft.). It then continues horizontal for

1000 m, followed by a 2 mi. long section proceeding down along the road to the

upper Bear Creek reservoir area.

Total length of pipeline route from Ogden Point to reservoir area is 34

mi. (51.5 km).



LIST OF POSSIBLE MODIFICATIONS AND BENEFITS

Installing submersible pump stations will ensure a virtually noiseless,
low profile operation. These stations would not require priming and should prove
easy to control from a remote Tocation equipped with the latest in real time
computer technology. Buried land construction should prove economical as igneous
geology would occur up to no. 4 station only, with sedimentary then occurring
through no. 7 station, after which, the pipeline could 1ikely proceed safely on
the surface.

The proposed easement along the CNR right-of-way is ideal for providing
sewerage to the Western Communities, via pressure feed with small diameter pipes
and macerator-equipped pumps. It also allows easy accessibility to facilitate
construction and maintenance and is within economical proximity to existing power
transmission lines. When completed, it could be either fenced in and
revegetated, or blocked in cement to serve as an elevated bike path. Its use
would not preclude developing the CNR for LRT between Victoria and Colwood.

To maintain the pipeline below no. 7 pump station, suitable arrangements
could be made available to empty it by cross-connecting to existing outfalls.
Above no. 7 station, the glory hole-oxygenator pit could serve for storage from
no. 8 station, or a branch pipeline could Toop back from no. 8 to discharge into
two gravel pits located above the oxygenator, near Young Lake. With liners
installed, these gravel pits could also serve to produce a settled effluent
suitable for washing gravel imported from a proposed mining operation on nearby
Muir Creek that would require at least 1 MGal./day (BCFP - Ocean Cement Ltd.).
The spent wash could then be re-settled prior to pipeline re-injection, or

distribution onto terraces carved above Boneyard Lake to receive tertiary-level
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treatment via slow overland flow. With the construction of a small dam, the lake
could then serve as a clear well to hold the effluent for either drought control,
irrigation, or sewerage use in the W. Communities.

During its construction, the pipeline bed and saddles could be pre-buiit
to accommodate new domestic and irrigation water pipelines, thereby providing
the CRD with a low-cost opportunity to both extend and rehabilitate its aging
water supply system. Accommodation could also be made to twin the force main
to bring the system within range of dealing with maximum daily overflows. With
twinning, overflow storage could be incorporated into the design for new sea
walls, with the no. 1 pump house serving first to anchor a sea wall running
directly across to Holland Pt., followed by a second one across Ross Bay.
Backfilling of these sea walls would create significant new additions to Beacon
Hi1l Park, albeit at an elevated level as Victoria’s initial strategy to defend
against the extraordinary storm surges and higher tides that are projected in
the near future due to the greenhouse effect. Air emissions could be controlied
by either vacuum distillation units or soil filters incorporated into the
Tandscaping.

Sea wall storage of overflow, in combination with lining the gravel pits
above Young Lake, could result in these facilities also serving as day storage
reservoirs to allow night pumping at off peak power rates. In addition,
equipping the discharge pipeline from the peak with a series of horizontal bulb
turbine power units would generate more power during the descent to the
reservoir, or reservoir water could be recycled back to a new storage reservoir
at the peak by installing reversible pump vertical turbine power units, thereby
significantly increasing the capacity for peak power generation. Operating such

turbines would, however, likely dictate production of a silt-free effluent,
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either from pre-settlement in a new peak reservoir, or from a filter plant
installed in place of the proposed glory hole-oxygenator.

A filtration plant could eliminate any requirement to artificially aerate
the sewage by allowing a silt-free effluent to be atmospherically aerated down
an open flume in place of a discharge pipeline from the peak. This could also
eliminate any requirement for further treatment at the reservoir. A filter plant
could prove very economical to operate as a result of employing pre-filtered
effluent stored at the Young Lake gravel pits to hydraulically backwash the
£filter on a continuous basis. If the pipeline is twinned, it may also prove
feasible to rebuild an abandoned B.C. Hydro flume that ran 5 mi. from Diversion
Reservoir down to the Forebay feeder reservoir at the coast, thereby also
eliminating any requirement to pre-oxygenate the sewage in the pipeline.

Unlike a conventional sewage treatment plant, the pipeline would not cause
PAH and VOC emissions over the urban area, nor will it require costly source
separation programs and could even encourage the use of household garburators,
thereby significantly reducing regional solid waste collection and disposal
costs. In addition, it would not produce sludges Toaded with toxic metal
hydroxides from the use of flocculants, nor will it have to meet future
considerations to guarantee sterilization of antibiotic resistant bacteria and
viruses in order to protect soil microflora and the public heaith from land
application of sludges. For local fishermen, the pipeline would halt the
increasing sanitary closures of shellfish production areas and would also prevent
increases to the high accumulations of trace metals around local outfalls.

With the cost of power Tikely to represent at least 80% of total operating
costs, it is recognized that a primary determinant in securing the right to pump

the sewage will be assuring that its cost will be relatively fixed for the Tife
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of the contract and not subject to variations dictated by the international
energy market. With a detailed investigation of its positive environmental and
social benefits, the provincial government may also be induced to issue an order-
in-council mandating a lower power cost. If the pipeline is co-developed with
B.C. Hydro as a pumped storage hydroplant, then major cost reductions could also
occur. Given an integrated, sustainable approach to project development, it may
also prove feasible to build and operate a small coal-fired power plant of 50
mw capacity. Its capital and operating costs, including the related coal mining
and transportation infrastructure, could be paid for largely by taxpayerrs and
industries in other locales being charged competitive rates for the treatment
of their waste streams at Jordan River. (e.g. electrolytic reduction of special
wastes, soils-from-waste production and distribution for Tong range forestry
research programs).

Coal could also be used to first filter sewage by simply discharging the
pipeline atop a "live" coal slot storage device containing run-of-mine coal in
nlace of the proposed glory hole-oxygenator. As the device would be continually
discharged, there would likely be no requirement to backwash the filter.
Assuming that B.C. Hydro would make available its Hat Creek steam coal deposit,
(a very hard, porous coal) then an environmentally-sound methed of burning spent
coal filter would be as coal-water-mix fuel. Given the availability of used
boilers and generators from B.C. Hydro’s closed Port Mann and Georgia generating
stations, a CWM power plant could Tikely be built for $500.00 per installed KW
($25 million). Spent coal filter delivered to Jordan River from pulp mills or
GVRD sewage plants could also be burned for power, with the cost of coal
filtration likely to be substantially less than their projected costs for

conventional secondary treatment. An alternative to burning this spent coal
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could be to store it in sealed sections of the Jordan River canyon, atong with
agricultural and other wastes for conversion to biogas. The leachate would be
treated, along with other special wastes, by an electrolyzer, (UOP Direct Contact
chemical Hydrogenation Process) with the system eventually evolving to
electrlytic refining of aluminum scrap or copper ore {Bechtel "Portelex" Process)

and hydrogen production.



Jordan River

General Information

Project Name: Jordan River

Dam Names: Elliott, Jordan
Diversion, and
Bear Creek

Dam Heighta: 27.4 metres (Eliott)

39.9 metres (Jordan)
19 metres (Bear Creek)

Reservoir Names: Elliott, Diversion,
' and Bear Creek
Reservoir Areas; 16 hectares (Elliott)

168 hectares ; 204 x10" p®
(Diversion) Slor ane
75 hectares ; 4,8 x,0° w?
7 (Bear Creek) steraye
Water Course: Jordan River

AiVersin, Bom?sec
Description

Storage dam on Bear Creek, a tributary of the
Jordan River. Downstream from the confluence

of Bear Creek and Jordan River is the main
Diversion Reservoir which controls the flow into
the small Elliott Reservoir. The water flows from
the Elliott Dam through a 5.3-kilometre tunnel and
1.6-kilometre penstock to the 170 MW powerhouse,
Just upstream from the mouth of the Jordan River.

History

Original 26 MW plant first operated in 1911. Old
plant was retired and replaced with a 170 MW unit
in 1971.

e & Bagres

Drainage Basin

Jordan River drainage basin on the west coast of
Vancouver Island experiences high annnal
precipitation mostly as rain. :

Inflow

Heavy raing in the fall and winter produce high
peak flows. Average annual inflow is 12 m¥/s.

Reservoir

The Diversion Reservoir has little storage.

Operating Constraints

The Fish and Wildlife Branch should be notified
prior to any draft of the Bear Creek and
Diversion Reservoir close to their minimum
operating levels. Prior to dewatering of the
Jordan G1 penstock, the holding tank is to be
filled to ensure adequate supply of water for the
town of Jordan River during the outage.

Capability

Maximum Sustained

Generating Capacity: 170 MW
Turbine type: High Head Francis
Historic Annual Average

Plant Generation: 242 GWh
Storage: 28 million m*

8C Hydie Rakikanix Sita
Poceniial Facran ton St

Reservoir

+

3 Pomcara
£ Fores: Bunace Recrasion Sid
F
F-N

7 -
Eliott
. Reservair

k

Vicloria
7z

wnebven  Bear Creck
Reservair

Aty Tres

JORDAN RIVER

34 Making the Connaction
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RIVER JORDAN PROJECT AREA

River Jordan is located 39 mi. northwest of Victoria along Highway 14.
It is a small coastal settlement (pop. 250) which has served primarily to exploit
the hydroelectric and timber resources of the Jordan River Valley since the turn
of the century. Existing operations include a 26,500 KW power plant run by B.C.
Hydro to provide peaking power for Victoria, and a log dump and truck maintenance
yard run by Western Forest Products (Doman Industries). The hydraulic works
consists of a 10 mi. long, three-reservoir system that is highly vulnerable to
drought and currently under repair, while Togging operations-on the area are
winding down due to a severe shortage of logs that has resulted in the recent
closure of the area’s largest employer, Sooke-based Lamford Forest Products.

Coastwise, the undeveloped offshore consists of a raised undersea platform
extending west 1.5 mi. at an average 35 ft. depth, with its outer shelf situated
at 114 ft. depth approx. 2 mi. out from the river mouth. The river mouth is
dredged occasionally to allow tug access, with ingress restricted to 1/2 mi.
upriver due to heavy rock debris at the entrance to the river canyon. Along
the shore, the land rises abruptly in a bluff which then proceeds as a long,
sloping plateau divided by the steep and narrow river canyon.

Area soils are primarily shallow, ferro-humic podzols that are highly
Jeached and sensitive to either fertilizer or atmospheric-induced acidity due
to a near total lack of buffering capacity. Area forests have generally not been
managed on a sustained-yield basis and a review of aerial photographs shows
large areas have been subjected to severe soil degradation and exposure to

bedrock.

Geographically, the reservoir area is separated from the Greater Victoria
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Water Supply System by two mountain ranges and the Leech River system. The
geology of the area is mostly sedimentary. The offshore has been identified as
an excellent candidate for oil, and a major wind energy potential also exists,
Both the nearshore and lower canyon have extensive, untrapped deposits of sand
and gravel, while the reservoir area contains identified deposits of cryanite,
garnet, gold, quartz and talc. Substantial deposits of high grade iron ore and
limestone exist in the nearby Gordon River area (e.g. Bugaboo, Renfrew, Harris
and Nixon Creeks). While an abandoned copper mine at Jordan River, now flooded,
could yield at least another 15,000 tons/cu. (Mine tailings were discharged 3500
ft. off shore).

In terms of wildlife and fisheries value, with the exception of some fish
in the upper reservoir and a high density kelp bed on the outer coastal shelf,
both the Jordan River reservoir and its coastal environs are considered
essentially sterile by government biologists. (e.g. no shelifish resources, no
salmon spawning or fishing areas, no seabird or mammal colonies). As such, there
is virtually no capability for recreation, conservation or biological resources
management.

In conclusion, if it can be fairly stated that the primary pre-condition
for any waste management system is to select a site suitable for implementing
a strategy of containment, then the derelict lands of the Jordan River Valley

are possibly ideal for developing waste management strategies that should prove

unassailable from any critic’s view.
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R.G. Tennant

R.G. Tennant and Associates
P.O. Box 35691, Station E
Vancouver, B.C. V6M 4G9
ph. 325-2958

June 18, 1991

R.W. Warman, P. Eng.

Technical Assistant to the Chief Engineer
Capital Regional District

524 Yates Street, P.O. Box 1000
Victoria, B.C.

{Fax # 388-4621)

Dear Mr. Warman:

Pursuant to the upcoming meeting of the environment Committee, } would like
to offer the following comments in response to your letter of last November 14,

Your idea for treating the sludge as a resource for return to the system is an
excellent concept, however, it should be weighed against the availability of
commercial micro-organisms that can be tailored to the job, thereby eliminating the
capital cost of equipment to continuously extract and return it. Given a high storage
capacity for sludge, it may also prove feasible to import surplus activated sludge
from other treatment works. [n either case, it is roughly calculated that the system
(30 mgd) would require approximately 160 tons/day of microbial cuiture in active
circulation along with a daily production of new cells at the rate of 17 tons/day (dry
matter). Alternatively, the proposed coal prefilter could eliminate any requirement
for an inoculum.

Rather than intercept and remove the sludge before it reached the Bear Creek
reservoir, it is now proposed to discharge directly into the reservoir. Then, a
submarine manifold and/or a floating curtain system would allocate the discharge so
as to maximize the settlement of sludge below the leve! of new reservoir outlets.
During periodic drawdowns of the reservoir, the sfudge would be consolidated with
reservoir sediments and sluiced into nearby pits that were burrowed during dam
construction. Reservoir drawdowns would substantially reduce the potential for algal
growth and establishment, while the presettlement of sludge would also substantially
reduce trace metal levels in the effluent. The sludge pits would be isolated from the
reservoir biota and would be easy to monitor and control in terms of either’
accelerating or retarding sludge breakdown. Aside from directly exporting the sludge
to the oxygenator, it could also be diverted to irrigate and fertilize catchment forests
and, in this sense, sludge producticn and recovery could be viewed as an investment
in sustainable development of the local forest economy.

As to whether there may exist other practical problems that could significantly
inflate the price when compared t0 a conventional system, it must be emphasized



that, unlike a conventional plant, determining the economics of a pipeline is a
relatively simple undertaking and, that while pipeline treatment would be decidedly
unique, it does not signify any major deviation in either pipeline technology or known
sewage treatment methods. In fact, as a hybrid of both the activated sludge and
stabilization pond methods, it promises to greatly increase treatment efficiency while
being for less demanding in both design and operation due to the elimination of any
requirement for multi-stage, highly mechanized treatment units. The reservoir
discharge also ensures a high degree of operational flexibility by providing an ideal
set of natural and highly engineered operating conditions that can be easily
manipulated to deal with a short term upset of the bioreactor. Therefore, given that
the combined pipeline and reservoir treatments would exceed all fundamental
requirements, then your concern about the fact that no comparable pipeline
bioreactors were ever built has likely more to do with lack of a proper venue to
develop the technology, particularly in face of the potentially high costs for pipeline
routing, power and sludge handling in other jurisdictions and, in face of the extreme
difficulty of developing a political strategy to justify such a pipeline in a business
where extreme conservatism, pork barrel politics and substandard operation are the
norm, not the exception.

To your suggestion for a shorter pipeline, | reiterate that the proposed design
already includes a nearly 560% reduction in recommended reactor length with respect
to the oxygen injection point. This reduction was assumed to be viable because no
additional inflows would occur to slow degradation rates while the potential for
cascading atmospheric aeration would significantly increase the renovation capacity
of the system before impacting on any natural water bodies. Unlike a shorter
pipeline, the proposed post-oxygenator route would eliminate any requirement for a
conventional backup system and, could significantly reduce both corrosion-related
maintenance requirements and related concerns for public safety while eliminating
any potential for aesthetic pollution. A shorter pipeiine would also have a much
more difficult sludge handiing problem, along with a likely far tougher public refations
problem due to the suggested use of existing outfalls as primary conduits. In terms
of cost, the longer pipeline should also prove easier to privately finance and pay
down due to its integration with hydropower operations and its capability to generate
revenues and attract industrial interest in the region.

The assertion that environmental scientists would prefer an ocean to the river
discharge further discounts both the stated purpose and setting of the project, and
it is likely more in line with the appalling record of conventional plants to meet
design requirements. As discussed, untreated wastewater would not be discharged
into the river and the system poses no threat to any natural water bodies. The Bear
Lake reservoir should also make an excellent settling and stabilization basin as long
as its storage capacity is kept high in relation to its operating requirements. Effluent
exiting the reservoir will not affect the Jordan River above its confluence with Bear
Creek and, any downstream uses of the river are virtually nonexistent due to peaking
hydro operation and the penstock bypass. Preoxygenated effluent could also be
injected directly into the penstock and, on a seasonal basis, it could also be
employed to induce energy intensive mixing to overcome thermal stratification in
downstream reservoirs, thereby maintaining the necessary level of dissolved oxygen
at all depths. Downstream reservoir operations are also characterized by rapid water
exchange conditions which enhance seif-purification while the generating station
itself discharges into an essentially nonestuarine river mouth that is characterized by
high rate salt water incursion and flushing, which means that pollutants are unlikely
to accumulate. Therefore, given the high dilution potential of the storage and, the
fact that the addition of preoxygenated effluent would allow regulation of the oxygen



regime both upstream and downstream of the dams, then the assimilative capacity
of the river is unlikely to be overtaxed even if it were to receive the discharge. In
any case, it is well established that diluting effluent with fresh water greatly
increases its safety prior to ocean discharge.

As you are aware, ocean systems are very dynamic and subject to wide
seasonal fluctuation. With discharges of municipal sewage being held responsible
for at least half of all pollution in the oceans, ocean scientists are now concerned
that the increasing number of red tide events are possibly being stimuiated by
sewage-sourced nutrients. In the U.K., the Select Committee on the Environment
also recently concluded that sewage-sourced bacteria and viruses commonly survive
up to 3 weeks after discharge and, in some cases, up to 18 months. Given that the
general public recognizes that we live in an era of ubiquitous global contamination,
then the direct discharge to the ocean of raw wastewater can only continue to earn
the wrath of neighbours who are interested in preventing the widespread dispersal
of pollution on ocean currents and contamination of resources destined for the dinner
table. In contrast to the extreme difficulty of achieving even sporadic monitoring of
ocean discharged effluent, there is an excellent scientific and engineering capability
to assess all water quality and biological production parameters within hydro
reservoirs. Also available is a wide variety of established physical, chemical and
biological process treatments which are potentially tertiary. Therefore, if we can't
understand and control the impact of the discharge on this highly engineered river
system, then there is just not much hope for raising Canadian water science and
technology above its historic low point.

Treating and diverting the effluent into the reservoir is unlikely to invite public
criticism because worldwide, there are several comparable precedents which are
considered successful examples of advanced sewage treatment. Also, for nearly a
century, the Jordan river has served solely the interests of the energy, mining and
forestry industries and, as the discharge would also be compatible with these
traditional uses, then it cannot be considered in conflict with the public interest. The
project also engenders public support by offering development of a reliable supply
of carbon dioxide-free energy, along with development of a least cost hydropower
resource that is likely to decrease, not increase, the requirement for new hydroworks
in pristine areas. Other net environmental and social benefits could also result due
to effluent increasing the currently minimal lake habitat for waterfowl and fisheries
while allowing increased downstream flow to enhance riparian habitats during the
constant cycie of droughts that ,are now a severe constraint on both river ecology
and power operations. Therefore it can be argued that the public interest demands
a vastly more efficient use of water than is encompassed in either the direct ocean
discharge of watewater or, in the current single-purpose use of the reservoir of

power production. :

As to why CRD residents should pay to pump wastewater up the hill, the
economic case for the scheme rests upon its competitiveness with conventional
systems and, upon other option to improve hydro operations in terms of cost per
installed KW, The cost must also be assessed in terms of avoided cost to the
taxpayer because the systemn would likely eliminate any requirement for facilities
dictated by the maintenance of the present outfall system, such as separate
stormwater collection and treatment, a separate compaosting plant and a separate
sewage plant for the Western Communities. As such, the pipeline would likely prove
far more attractive to taxpayers because it would greatly simplify waste management
anc a portion of the resuiting savings from developing separate systems could also
be transferred into increasing pipeline pumping and storage capacity. While the



pipeline would likely have a higher energy use than a conventional plant, the overall
cost is likely to be lower because of the power sale, while a conventional plant
would contribute nothing to the energy security of the district. The system would
also provide every opportunity to recover a high quality water supply for distribution
to agriculture on the Saanich Peninsula and, reclaimed water and energy could meet
new industry needs in terms of the planning for creating a complex of environmental
industries at Jordan River, thereby easing the strain on the domestic water supply.

Regarding the wisdom of pumping wastewater up hill in this area, to not do
so would obviate the purpose of the exercise, which is not to simply treat
wastewater, but which is to recover it for distribution as a large amount of valued
peaking power. Basically, this means that the proposal addresses the vital issue of
inadequate storage capacity for standby power generation on Vancouver Island and
is not concerned as to the capability of mainland sources to meet its relatively
minuscule pump energy demand. Generation capacity at Jordan River is far in
excess of its storage capacity and its power is distributed independently of the
constrained main transmission on the Island, which means that the proposal could
significantly reduce CRD wvulnerability to system-wide blackouts while ensuring
sufficient contingency power well into the next century. Therefore, your concern
about a possible net loss of hydroelectric generating capacity is irrelevant.

From the perspective of Mr. E. Kelgaard, a retired chief hydraulics engineer
from the Trans Mountain Pipeline Co., the proposed route profile is to be considered
a "piece of cake". It is also his opinion that pipeline cost is unlikely to exceed $1
million/mi. and, that it is probably overdesigned by at least two pump stations. It
should not prove necessary to incorporate sufficient capacity to handle all
foreseeable demand at the time of construction because while economics of scale
are the premiere feature of pipeline economics, the proposed route profile offers to
allow easy expansion after initial construction. In any case, it is not expected that
any major additional investments will be required beyond the provision of the
pipeline, with the possible exception of an estimated $5 - 6 million cost of upgrading
the Bear Lake reservoir to increase storage and manage sludge. :

As stated, if additional investments are required, they are expected to be paid
for by taxpayers and industries in other locales as the result of an integrated
approach to project development. Such an approach will certainly be required to
maximize the potential for private investment in the project because it ensures other
revenue streams to backup pipeline debt and pay down the pipeline. As the project
would also represent superior planning with respect to meeting the goals of the
recent Green Plan, then it is also more likely to attract senior government financing
than could a conventional system.

In summary, it can be argued that the biggest problem facing the CRD is not
sewage treatment, but rapid industrial decline., While there are many benefits of
sewage treatment, these benefits are likely to be negated if there is not a
corresponding increase in jobs and the tax base to offset the cost. Centralized, ,



integrated waste management is what is required to achieve economic growth and
reduce the cost of waste management. Therefore, based on the above, | would
appreciate your further consideration of the proposal and funding to develop it as a
means of generating viable options for integrated resource management.

Yours sincerely,

Richard Tennant, President
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Capital Regional District

524 YATES STREET ROQ.BOX 1000 VICTORIA B.C. V8W 286 TELEPHONE (604) 388-4421

26 June 1991 Eng. File: L55-3

‘Mr. Richard Tennant

R.G. Tennant and Associates
P.O. Box 35691, Station E
Vancouver, B.C.

VoM 4G9

Dear Mr. Tennant:

Re: Sewage Treatment Proposal

The Environment Committee of the Capital Regional District considered your sewage
treatment proposal and request for funding on 19 June 1991. Its decision was not to
provide funding for further evaluation of your proposal.

Further to our discussion following the Environment Committee meeting, I am writing to
confirm my suggestions to you about the type of proposal that might be favourably
received by the Capital Regional District. I suggest that proposals should contain the
following elements:

1. A conventional method of treatment should be proposed.

2.  Environmental concerns and how they will be met should be addressed.

3. There should be a clear cost saving to the Region.

Table 4-1 from the report by CH2M Hill on treatment options is enclosed for your
information. This table provides total project costs (bylaw costs) for the various options

identified by the consultant. Approximately 55% was added to construction costs to
obtain bylaw costs. :

Yours very truly,

M.C. Williams, P.Eng.
Chief Engineer

MUNICIPALITIES AND ELECTORAL AREAS

CENTRAL SAANICH « COLWOOD « ESQUIMALT « LANGFORD - METCHOSIN « NORTH SAANICH « OAK BAY
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- Capital Regional District

524 YATES STREET PO. BOX 1000 VICTORIA B.C. V8W 256 TELEPHONE (604) 360-3000

December 27, 1991

Eng, File: 1L.55-3

Mr. Richard G. Tennant
P.O. Box 35691, Stn. E

Vancouver, B.C,
VoM 4G9

Dear Mr. Tennant:

Re: SEWAGE TREATMENT PROPOSAL - PIPELINE TO JORDAN RIVER

Thank you for your letters of 25 October 1991 and of mid-August. As discussed during our recent telephone
conservation, I feel that it would be appropriate for the CRD to take a second look at your proposal, particular-
ly in relation to your recent modification involving use of a reservoir on Bear Creck.

As part of the work on the Liquid Waste Management Plan, we will select a consultant within two or three
months to review alternative treatment technologies. I will ensure that his terms of reference include a review

of your proposal. You can expect to be contacted by the consultant when one is selected.

The Project Manager for the Liquid Waste Management Plan is Mr. Vernon Rogers. He may be reached
directly by telephone at 360-3100 if you require further information about the project.

Yours very truly,

INC A e
M.C. Williams, P.Eng.

Chief Eggicecr yé..,_\

VIR/

cc: V.J. Rogers, P.Eng. Head, Environmental Services Group
S.B. McDonnell, P.Eng. Manager, Engineering Services
R.W. Warman, P.Eng. Technical Assistant to Chief Engineer

wpfiles ierw\ictdoc\ermanl, et
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August 26, 1992
File: VW01

R.W. Warman, M.A_Sc., P.Eng.
Technical Assistant to the Chief Engineer
Capital Regional District

524 Yates Street

P.O. Box 1000

Victoria, B.C.

V8W 286

Re: REVIEW OF THE R.G. TENNANT AND ASSOCIATES JORDAN RIVER
WASTEWATER TREATMENT AND REUSE PROPOSAL

Dear Mr, Warman:

The following letter report constitutes the results of our review of the R.G.
Tennant and Associates Jordan River wastewater treatment and reuse proposal:

1.0 INTRODUCTION

On June 11, 1990 Mr. Richard Tennant of R.G. Tennant and Associates
presented the Capital Regional District (CRD) with a letter proposal that
promoted the concept that a 51.5 km long pressure pipeline (force main)
could be built to export and treat Victoria’s wastewater for industrial use
at the Jordan River Hydroelectric Project. This initial proposal suggested

that the wastewater could be treated in the pipeline en route to the Bear

Creek Reservoir, that the treated wastewater could be used to generate
hydroelectric power at the Jordan River power plant and that this extra
power could be used to support new industries in the Jordan River area.

The original proposal and subsequent submissions included other possible
additions to the main proposal. These additional possibilities included:

. sea wall storage of excessive wastewater flows

. the use of partially treated wastewater to wash gravel en route to
the Bear Creek reservoir

. rock gabion filters

. cascade treatment

]2
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Svile 300

4940 Conodo Way
Burnaby, 8 C.
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August 26, 1992
R.W. Warman, M.A.Sc., P.Eng.
Capital Regional District

-2-

2.0

/3

. wastewater treatment using coal and then using the coal to support
a coal-water mix thermal power plant

electrolytic reduction of special waste

toxic/hazardous waste handling

solid waste baling

development of resource recovery centre at Jordan River
transport of solid waste (garbage) concurrently with the wastewater
and subsequent composting of the solid waste in lagoons in the Bear

Creek area

. manufacture of soils from waste

. spreading of sludge on re-forested lands

. generation of methane through decomposition of algae that would
grow in the Bear Creek reservoir or lagoons constructed in the Bear
Creek area,

While some of these possibilities have some merit, they tend to dilute and
diffuse the core of the proposal which is to transport raw wastewater to the
Bear Creek Reservoir, treat the wastewater, use the wastewater in genera-
tion of hydroelectric power and to discharge the wastewater to the ocean
via the Jordan River. This report will deal only with this core proposal and
not with any of the possible add-ons,

TRANSPORT OF THE WASTEWATER

The original June 11, 1990 R.G. Tennant proposal was based on a stated
maximum flow of 21000 GPM" or 1.31 m® /s which equates to approxi-
mately 113,200 m®/day. There were to be nine pump stations en route,
each with four pumps. Six pump stations would be based on submersible
pumps and three would be based on horizontal split-case pumps. The
pressure wastewater pipeline (i.e. force main) had been sized at 36 inch
(915 mm) diameter. Using a pipe roughness factor, i.e. a Hazen-Williams
"C", of approximately 105, friction head loss had been estimated at
0.00544 ft/ft (m/m) at a velocity of approximately 8 ft./s (2.44 m/s). Any
additional head loss due to minor bend losses was estimated to add an
additional 10% to the head loss. Based on this overall rate of head loss,

ASSOCIATED
ENGINEERING
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August 26, 1992
R.W, Warman, M.A.Sc., P.Eng.
Capital Regional District

-3-
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a pipeline length of 51.5 km, an overall static lift of 540 m and a flow of
1.31 m®/s, the proposal suggested that the gross rate of energy consumption
would be "25 MWh/day" which would cost $5 million/year assuming a
$0.029/kWh BC Hydro cost and an even credit for "S MWh" per day that
the proposal suggested could be generated from effluent discharge through
the Jordan River hydroelectric power plant.

The discussion below addresses a number of elements of the wastewater
transport portion of the proposal.

| Wastewater Flow

The flow rate of 1.31 m?/s or 113200 m®/day suggested by R.G.
Tennant and Associates as the maximum pumping rate would be
too low for future situations. The April, 1991 CH2M Hill CRD
report, “Sewage Treatment Options and Location of Sites",
estimated a year 2015 average daily regional wastewater flow of
164,500 m?/day (which excluded Colwood and Langford). The
maximum daily flow for the same year was estimated at
335,700 m3/day but even this does not account for the possibility of
shorter, i.e. maximum hourly, peaks. CH2M Hill also estimated the
regional wastewater flows (excluding Colwood and Langford) for the
year 2045 (i.e. 53 years in the future) as 188900 m®/day for the
average day and 387,500 m*/day for the maximum day.

Although flow equalization capacity could theoretically be provided
to permit no higher than the average flow rate to be pumped, there
would still be problems. Provision of open raw wastewater
overflows or storage ponds, such as R.G. Tennant and Associate’s
sea wall wastewater storage proposal, would likely be deemed an
unacceptable solution to handling on-going peak flow problems
based on aesthefic, if not health, reasons. Closed storage or holding
tanks of adequate capacity would cost in the order of $35 million to
$55 million. As a result, it would be best if the wastewater
transport system be designed with sufficient capacity to handle at
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least the maximum daily 2015 flow. Furthermore, since a project of
this nature must have a very low risk of failure, incorporation of
excess capacity and/or redundancy would be prudent. Incorporation
of the year 2045 flows would also be advisable, if at all possible.

Selection of Pipe Type and Size

The R.G. Tennant and Associates proposal indicated that the pipe
size had been arbitrarily set at 36 inches (915 mm). Pipe type was
assumed to be unlined welded steel. The implied roughness of the
pipe was high at a calculated Hazen-Williams "C" of approximately
105 based on a flow velocity of 8 ft/s (2.44 m/s) and a stated head
loss rate of 0.00544 ft/ft (m/m). Improvements on these selections
are possible.

Pipe sizing is a trade-off between capital cost and operating cost.
For a given flow rate and transmission length, spending more money
on pipe will allow larger, smoother pipes to be purchased which will
decrease the flow velocity and, therefore, head loss, which in turn,
reduces the operating cost, i.e. energy consumption costs, of the
pipeline. Conversely, spending less money on pipe will result in-
higher head losses and higher energy costs. Furthermore, the
interaction between pipe diameter and head loss will be non-linear
because head loss is a function of the square of the flow velocity
and flow velocity is a function of the square of the diameter.

Unlined steel pipe would likely not be the best choice for long term
service as it would start off relatively rough and would be subject to
a build up of "tubercular” corrosion nodules that would increase the
pipe roughness, decrease the effective diameter of the pipe, increase
flow velocity and increase head loss over time, A better selection
would be cement mortar-lined welded steel pipe, epoxy- or enamel-
lined welded steel pipe or bonded plastic-lined welded steel pipe as
these pipe types would be less prone to corrosion and would
maintain a relatively high Hazen-Williams "C" of 130 to 140 over
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their service life. For the purposes of this report, it has been
assumed that cement mortar-lined welded steel pipe with a "C" of
130 would be employed.

As shown in Figure 1, pipe costs increase somewhat non-linearly
with increasing diameter. Energy costs would be linear in the
$0.0375 /kwh price block (according to a letter dated November 16,
1990, from BC Hydro to R.G. Tennant and Associates), not
$0.029/kwh as had been suggested by R.G. Tennant and Associates
in the original proposal.

On this basis, it is possible to set up an analysis that includes the
increase of pipe cost and decrease in energy costs with increase in
pipe diameter. Furthermore, as shown in Table 1 for the average
daily 2015 flow of 164,500 m*/day, it is possible to incorporate the
present value into the analysis of such a system using an assumed
design life and discount rate, which in this case have been selected

as 50 years and 5%, respectively. As shown in Figure 2, the resulting

summation of pipe cost and the present value of the energy cost has
a minimum point. Selection of pipe sizes at, or slightly above, this
low point would provide the least cost solution that would have at
least the stated flow capacity.

For the example 2015 average daily flow of 164,500 m*/day, this low
point in Figure 2 occurs at a pipe diameter of approximately
1050 mm for a single pipeline with a Hazen-Williams C of 130. At
this diameter, the estimated capital cost of the initial construction
of the pipeline alone, i.e. excluding pump station costs, would be
$61.23 million. The energy cost would be approximately
$13,700/day or $4.99 million/year, for a present value of the 50
years of annual energy cost of $91.16 million. The total present
value of pipe and energy would be $152.39 million.

It should be noted that, in this example, the curve is very flat in the
region of 1050 mm to 1200 mm diameter. The initial construction
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capital cost of a 1200 mm diameter pipeline would be $73.18 million
but the yearly energy costs of $4.36 million would yield a present
value of $79.68 million. The total present value of $152.86 million
is almost the same as that for the 1050 mm diameter pipeline
($152.39 million). On this basis, it would likely be best to select the
1200 mm pipe for the given flow example, as it would provide some
extra capacity at minimal extra cost.

It also should be noted that, while these costs fit within the ranges
suggested in the R.G. Tennant and Associates proposal, they do not
include the cost of the nine pumping stations. Furthermore, it
should be noted that, although the proposal had suggested that the
gross power consumption would be "25 MWh/day", the actual the
calculated gross power consumption for the average daily 2015 flow
would be approximately 365 MWh/day for the 1050 mm diameter
pipe and 320 MWh/day for the 1200 mm diameter pipe. These
latter figures compare well with 366 MWh/day (133.6 Giga Watt
hours (GWh) per year) interpreted from BC Hydro’s analysis of six
1500 kW and three 3360 kW pump stations and an 80% load factor,
as contained in their November 16, 1990 letter to R.G. Tennant and
Associates, - .

If the pipeline system was to function with little or no risk of
inadequate capacity over an assumed 50 year design life, it is
necessary to use design flows that are greater than the average daily
2015 flow., In this case, the design flow should be the 2045
maximum daily flow, 387,500 m*/day. This would also provide extra
capacity to handle the maximum daily flows, if not the peak hourly
flows, up to that time. From Table 2 and Figure 3, it may be seen
that, if the maximum daily 2045 flow was pumped continuously, the
best pipe size choice would be 1650 mm. A similar analysis for the
maximum daily 2015 flow of 335,700 m*/day yields a best pipe
diameter of 1500 mm, with 1650 mm only marginally higher in total
cost. On this basis, a single pipeline of 1650 mm diameter has been
selected for use in the remainder of the discussions in this report.
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The initial construction cost of this 1650 mm pipeline would be
approximately $125.4 million (excluding pump station costs). This
can be compared with the $82.87 million initial construction cost of
conveying wastewater to a regional wastewater treatment site in the
Colwood area using submerged pipelines and more urban construc-
tion (Reference: Table Cost-2-P.WK1 in the Appendix to.Chapter 4
in the April 1991, CH2M Hill report).

Using the 1650 mm diameter pipeline, pumping the 2015 average
daily flow would yield a self-cleansing flow velocity of 0.89 m/s
which would exert a power demand of 11.64 MW and consume
279.4 MWh/day (or 102.0 GWh/year) of energy at a cost of $3.82
million per year. The maximum daily 2015 flow would exert a power
demand of 26.23 MW. In the same 1650 mm pipeline, the 2045
average daily flow, 188,900 m*/day, would exert a power demand of
13.51 MW and consume 324.3 MWh/day (or 118.4 GWh/year) of
energy at a cost of $4.44 million per year. The maximum daily 2045
flow would exert a power demand of 31.47 MW.

Pump Stations

The above analysis did not include the cost of pump stations which
would be at least somewhat independent of the pipe size that was
selected. However, since the pipeline could not function without the
pump stations, it is necessary that they be analyzed and costed as
part of the analysis of the total wastewater transport system.

The original R.G. Tennant and Associates proposal suggested that
there would be a total of nine pump stations needed, each with four
pumps: six pump stations would have relatively low static heads and
would use submersible pumps; three pump stations would have
relatively high static heads and use split case pumps. Althongh
there was some pump costing information appended to the original
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proposal there was no comprehensive pump station costing
provided. It was inferred that the pump station costing was included
in the suggested pipeline cost of $60 million to $80 million.

To refine these pump type selections and develop detailed cost
estimates, it would be necessary go into a great deal of detailed
analysis, This analysis would have to determine the optimum
locations of the pump stations that would suit a wide range of flows
over the life of the project. Properly done this would also have to
investigate the optimum pumping regime (e.g.fixed speed or variable
speed) and the necessary pumping control system.

A simpler approach is to assume that each of the pump stations
would be equivalent in magnitude, complexity and degree of
required redundancy and safety to the influent pump stations
suggested in the CH2M Hill report for a regional CRD treatment
plant. Furthermore, each of the six low static head pump stations
would be assumed to have an initial construction cost approximately
the same as the influent pump stations in the CH2M Hill report,
i.e. approximately $10 million (in Appendix to Chapter 4 in the
CH2M Hill report). The three higher static head stations would
cost somewhat more than this. A value of $12 million per station
for these three stations has been assumed. On this basis, the total
initial construction cost of the pumping stations becomes significant
at a total of $96 million.

The total initial construction cost of conveying the wastewater to the
Bear Creek reservoir area would be the summation of the pipeline
cost and the pumping station cost, ie. $§125.4 million plus $96
million, for a total of $221.4 million. Although this total does not
include the cost of any treatment, it compares closely with the total
initial construction costs of $187.5 million for a regional primary
treatment plant at Colwood and $287.6 million for a regional
tertiary treatment plant at Colwood (as given in Appendix to
Chapter 4 in the CH2M Hill report for the 2015 flows). Annual
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operation and maintenance costs for the nine pump stations would
total approximately $2.4 million, excluding the required $3.82 to
$4.44 million energy costs for pumping the wastewater.

Although the pipeline could be designed and constructed to last fifty
years, the pump stations would have to be at least partially replaced
well before that time. This would.add to the present value of the
cost of the pump stations.

TREATMENT OF THE WASTEWATER

The original R.G. Tennant and Associates proposal included the suggestion
that adequate secondary treatment could be achieved simply by injecting
air into the pipeline, perhaps with some externally-sourced bacteria
inoculum (unspecified as to source, type or cost). This suggestion was based
on an article in the scientific literature regarding a lab-scale experiment.
Since this potential treatment process can not be backed-up with any full-
scale experience, it is unlikely that the process would be considered for use
in the CRD situation.

The main treatment alternatives suggested by R.G. Tennant and Associates
would be to use the decent from the peak 540 m elevation to the 406 m
Bear Creek reservoir elevation as a "cascade" treatment and then to use
Bear Creek as a sludge removal and treatment lagoon, complete with
integral sludge holding and digestion. In any event, the cascade treatment
would aerate but likely only partially treat the wastewater. Furthermore,
having potentially leaky channels on a hill side slope could cause slope
stability problems and, potentially, localized landslides. For these reasons,
cascade treatment is rejected as a viable, effective, long-term treatment
possibility for the CRD.

The Bear Creek reservoir is the upper most reservoir in a three reservoir
system (which also includes the Diversion and Elliot reservoirs) that serves
the Jordan River hydroelectric power plant. Investigations conducted by
B.C. Hydro determined that the Bear Creek reservoir is not seismically
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safe, i.e. the dam could fail during a moderate earthquake. This posed
three possibilities to B.C. Hydro: upgrade the dam so that it could
withstand the design earthquake at the original full supply (water) level
(FSL), abandon the reservoir and dam, or upgrade the dam but to meet
the design earthquake requirements for a new, lower, FSL.

According to B.C. Hydro (Mr. Bill Walker, 722-5231 - Victoria and Mr.
Aneel Kumar, 663-4156 - Vancouver), it is not technically or economically
feasible to upgrade the dam to meet earthquake standards for the original
FSL. As aresult, B.C. Hydro seriously considered the abandonment option
and bad an environmental impact assessment conducted. This study
concluded that there would be net environmental benefits if the reservoir
was maintained in some form. As a result, B.C. Hydro has implemented
a program in which the FSL will be decreased by lowering the elevation of
the overflow spillway and a berm will be constructed in the area of the
dam toe to help stabilize the dam and contain any water overtopping the
dam during the design earthquake.

The Bear Creek reservoir will therefore continue to exist, albeit in a
somewhat diminished form. Since this will likely require maintenance
and/or improvement of existing fresh water quality in the reservoir, the
discharge of raw or partially treated wastewater to the reservoir would
likely be unacceptable.

Based on the trends developing in the Ministry of Environment, Lands and
Parks with respect to minimum wastewater treatment standards, it assumed
in this report that the minimum acceptable treatment for discharge into a
freshwater body such as the Bear Creek reservoir and Jordan River system
would be secondary treatment. The least expensive method of providing
this level of treatment, given the availability of land in the Bear Creek
reservoir area and the lack of people in the area to cause conflicts, would
most likely be aerated lagoons since tbey eliminate the need for both
primary treatment and separate sludge digestion. These lagoons could be
designed with a nominal 15 days retention time in the aerated portion of
the lagoons and 7.5 days in settling ponds. The Bear Creek reservoir could
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then serve as a final polishing pond. This level of treatment should serve
to satisfy the Ministry of Environment as well as BC Hydro which had
expressed some concern about pathogens in the wastewater in their
November 16, 1990 letter to R.G. Tennant and Associates.

It is estimated that, excluding the cost of an upgraded road to the site, the
initial construction cost of an aerated lagoon of the above capacity would
be in the order of $50 to $75 million, with the higher value reflecting more
difficult geotechnical conditions, which is likely the case. Even using the
lower optimistic value, the total initial construction transport and treatment
cost would be $271.4 million. Applying an engineering and administration
factor of 1.2 and the CRD project implementation factor of 1.55 (as per
the CH2M Hill report), would convert this cost to a project capital cost of
$504.8 million which can be compared to the least expensive secondary
treatment project capital cost of $403.8 from Table 4-1 of the CH2M Hill
report.

Since the flow in the Jordan River during dry periods could essentially
become entirely secondary treatment effluent, it is possible that the
Ministry would require nutrient and/or addition metals removal at some
time in the future. However, this possibility is not costed in this report.

GENERATION OF POWER AND ENERGY

Power is the rate of doing work. In terms of hydroelectric power plants,
power is calculated by the following equation:

Power = Flow rate x liquid density x head x efficiency

If the flow rate is in m®/s, the liquid density in Newtons (N)/m’ (e.g.9801
N/m?® for water) and the head is in meters, the resulting power is in units
of Watts (W), Energy is calculated by measuring the power demand and
multiplying it by the time over which that power is demanded and is
expressed in units such as kiloWatt-hours (kWh).

Ay
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The Jordan River power plant is fed from a penstock located in the Elliot
reservoir. The inlet to the penstock is at Elevation 322.9 m and the
elevation of the reservoir is maintained between a low of 325.0 m and the
spillway crest at 335.0 m. In their November 16, 1990 letter to R.G.
Tennant and Associates, BC Hydro estimated that the incremental energy
that would come from the 1.31 m’/s wastewater flow (from the original
proposal) would be 30 GWh, i.e. 30 million kWh, per year. This estimate
is based on a continuous flow and uses an average reservoir elevation of
330.0 m and an overall efficiency (including turbine efficiency and friction
losses in the penstock) of 81%. If the higher year 2015 average wastewater
flow of 164500 m3/day (1.904 m3/s) was used, the energy that would be
generated would be 43.6 GWh/year. This is much less than the
102.0 GWh/year estimated in this report that would be consumed in the
pumping of the wastewater to the Bear Creek reservoir in a 1650 mm
diameter pipeline.

In the same November, 1990 letter, BC Hydro indicated that they would
only pay $0.03/kWh generated from the increased flow. As a result, the
extra 43.6 GWh/year would return only $1.31 million per year. This must
be compared with the $3.82 million cost required to pay for the energy
required by the pumps to get the wastewater to the Bear Creek reservoir,

The original premise of the R.G. Tennant and Associates proposal was to
use the extra electrical energy which would result from the extra flow in
the Jordan River system to stimulate industry in the Jordan River area.
Even if the Jordan River plant was able to run as a base load power plant
(instead of a peaking plant) and all of the wastewater flow was used to
generate electricity on a continuous basis, the amount of electrical energy
that was generated would always be less than that consumed from the
power grid to get the wastewater to the top of penstock. Although this is
true for many reasons {e.g. significant friction losses over the 51.5 km of
pipeline), the main reason is the higher elevation (540 m) over which the
wastewater would be pumped and the lower elevation of the Elliot
reservoir (less than 335 m). It isn’t physically possible to come out even on
an energy balance if over 205 m of static head are simply lost. When
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turbine inefficiencies are factored in, it becomes even less possible to have
any extra energy. Since the Jordan River power plant does not exist in
isolation but is part of the BC Hydro power grid from which the pumping
energy would be consumed, the overall effect of the project is not extra
energy available but less energy available.

Furthermore, unless there was adequate storage to permit pumping of
CRD wastewater to occur only at off-peak hours, the pumping of the
wastewater would actually add a significant load to the electrical
distribution system, i.e. a minimum of 11.64 MW (using the average daily
2015 flow). This load would be demanded during most portions of the day,
including the peak electric load periods. For comparison purposes, this
11.64 MW load is about 44% of the nominal 26,5 MW capacity of the
Jordan River power plant. If the maximum daily 2015 flow of
335,700 m*/day had to be pumped through the 1650 mm diameter pipeline,
the instantaneous load would be 26.23 MW or 99% of the Jordan River
power plant capacity. Using the 2045 flows, the average daily flow rate
would exert a 13.51 MW demand (51% of the Jordan River power plant
capacity) and the maximum daily flow would exert a 31.47 MW demand
(119% of the Jordan River power plant capacity).

CONCLUSIONS

The proposed project would not result in any overall extra energy as a
result of pumping CRD wastewater to the Jordan River system for the
generation of electrical energy. When compared to a conventional air
activated sludge regional wastewater treatment plant located in either
Colwood or Burnside West (as per the April 1991 CH2M Hill report), the
R.G. Tennant and Associates Jordan River proposal would likely have a
net energy consumption that was very much in excess of the total regional
treatment plant electrical energy consumption. As a result, the proposal
should be rejected as a net source of electrical energy.

The proposal would offer the possibility of using relatively inexpensive
aerated lagoon wastewater treatment technology because of the availability
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of land and the remoteness of the site. However, the capital cost to
accomplish this treatment would be considerably more than the least
expensive air activated sludge secondary treatment option presented to the
CRD in the April 1991 CH2M Hill report. Furthermore, cost of operating
nine major pumping stations over a 51.5 ki distance as well as operating
a wastewater treatment plant at a relatively remote site would be distinct
drawbacks. In addition, there would still be some risks, such as potentially
flooding areas with raw sewage if a pipeline section broke or was somehow
damaged, that have not been dealt with in this report. Since the capital
costs of the proposed works would be more than the least expensive
conventional treatment option and there would be considerable operational
difficulties and risks associated with the R.G. Tennant and Associates
proposal, the proposal could be rejected as a economically viable treatment
alternative.

We thank you for the background information which was provided to us and trust
that this report will provide you with the necessary information to make a final
decision rega.rdmg the R.G. Tennant and Associates proposal. Should you have
any questions, please contact either of the undersigned.

Yours trul ’ %
4 < N3 3 &
{ 1 D’c ([ For § i
§ i ey % { D.J. L FORGIE }
- 1y L3
- “ “- N

| ;("("(? (o™ § L coRaETT
% e.:oc‘”"'; !
R a".,r
” JRE. Corbett, M.A.Sc., P.Eng. o D.J.L. Forgie, Ph.D., P.Eng.
Project Manager . Project Engineer

JREC/rb.1

cc: W. Moorman, P.Eng., Assistant Project Manager - CRD
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VANPORT STERILIZERS INC.

R.W. Warman., P. Eng.

Technical assistant to the Chief Engineer.
Capital Regional District

524 Yates St, P.0.Box 1000

Victoria, B.C.

VBW 256

vour file: L3%-12-5
28711795

Dear Mr. Warman,
RE; SEWAGE EXPORT ALTERNATIVE TO JORDAN RIVER

I would like to offer the following comments in response to the
AEL letter report of 26 09/92 and. to vour ongning program to
locate a sewage plant site.

The only revision to be made to the original proposal is to first
continue the pipeline down from the peak to the abandoned Forebay
Reservoir at the coast. The Forebay, re-lined with asphalt and
tunnel clay, would function as a dissolved air flotation plant
with a solids skimmer. Enroute from the peak., controlled
gquantities of atmospheric air could be freely induced into the
pipeline by employing venturi tube pumps.

Regarding safety concerns., there is a wide body of knowledge
available on operating such pipelines in similiar terrain. High-
alloy steels, advanced fiberglass liners or corrosion-resistant
concrete sections can all be employed as needed. Earthquake and
waterhammer problems are solved by burst discs. terrain diversion
Dipes, surge arrestors and back flow prevention valves. B.C.
Hydro also has electrical sensor technology that actuates large
shut-off valves in the event of a big quake.

In addition to the B.C. Hydroc power contract I want to look at
using the reclaim water for an aggregate slurry pipeline ‘10 in.
dia.) running at sea level to Victoria at a cost of $5/teon. The
ldea is based on a 1 M ton yr. limestone slurry pipe operating in
Rugby. England. The aggregate and ore reserves at JR are
substantial and a contract ore crushing operation could likely be
set up within a re-opened Sunro copper mine, with additional cu,
fe, and caco ore feeds imported by a multi-materials ropeway from
Gordon River. Crusher energy requirements can be supplemented by
pipeline reversible generator pumps or, with pelton wheel
generator plants installed inline from the peak. Limestone could
also be produced for filtering of domestic water. to upgrade the
pH of forestry and reservoir soils., etc.

1032 Delestre Ave., Coguitlam, Brtish Columbia, Canada V3K 2H2 Ph: 604-936-3705 Fax: 604-936-4194



Cther developments could include a sewage gas power plant and, an
experimental coal-water-slurry power plant that would export it's
flue gases for algae conversion. These plants could support a DC
generating station that would serve for both large scale hydrogen
production and. for running an electric railroad running between
4 new merchant hydrogen complex located at Leechtown and a new
railship dock at Becher Bay. Liquified H and O could then be
exported to be used to gasify/liquify coal slurry; for "Ballard"
fuel cell infrastructure developments: for pipeline oxygen
injection: ozone generation for domestic water treatment, etc.

Offshore, developments could include both wind and wave energy
power plants. These could be connected to a mile-long breakwater,
built at low cost by using local granite and mine tailings mixed
with pozzolanic-flyash cement that would be placed by using an
aerial ropeway employing recycled offshore oil rigs as platforms
that., in turn, could be used to distribute sterilized, nutrient-
enriched sewage for maraculture ponds and for kelp processing.
The breakwater would establish an ideal harbour and lightering
area for LASH-type ships and barges. This harbour would also
prove ideal for single-point mooring and transfer of slurried
coal and ores, o0il spill/ballast water offload and, ultimately, a

large floating airport. L%P%V%MMJZhL

Magor pipe preparation and distribution facilities, steel
fabricating for ropeway components and LASH feeder-ship and barge
construction is also likely to occur, as would lower cost
electric people-mover infrastructure and many other developments
which, upon review, offer to provide the CRD with an opportunity
to develop a linkage between sewage treatment and succeeding
economic development that has not been recognized in the current
liquid waste management plans, thereby also providing the key to
a sustainable industrial development strategy to reverse the
recent heavy loss of primary industries and the regions 80%
economic dependency on the automobile. If this is the case, then
the CRD is likely obligated to deal with possible industrial add-
ons to the proposal before concluding as to wether it is
economically viable to proceed or not, particularily as each
would likely have strong merit and would be unlikely to weaken
the argument for proceeding over more costly conventional plants.

Certainly. CRD taxpayers should not be putting up funds for
designing sewage treatment schemes that promise only very high
costs for the mere sake of convenience and, while the engineering
necessity to baseline a comparison between conventional treatment
plants and the export pipeline is understood, it is not fair
because of the CRD's continuing inability to define any need for
a treatment plant. Further, given that the argument in support of
outfalls is primarily based on scientific, not economic reasons,



then any definition of need for a treatment plant must be based
on first considering the potential of the plant to stimulate
sustainable economic development and wealth creation in order to
help pay for it and retire any public debt.

Conventional treatment plants located at any of the proposed
sites would have virtually no capability to either reclaim waste
water, attract new industries to the area or, to expand in order
to meet any new mandates to upgrade treatment, thereby dictating
that maximum flow capacity be uneconomically capitalized upfront
because of the likely increase in shoreline/land values, along
with the inevitable public opposition to any future additions. A
much harder time dealing with sludge is also promised and, much
more money will have to be assigned to deal with aesthetics and
odor control. Siting at Jordan R. not only solves such problems,
it offers opportunities to raise substantial equity capital by
pre-selling a multi-million dollar power contract, land and water
leases, mineral rights, process patents, contract ore crushing,
inter-regional waste collection/disposal contracts etc..

To reiterate, the design goal behind the export pipeline is to
create high demand markets for Victoria's municipal sewage by
taking advantage of the unique topographical features of the
nearby JRHP. These features are most important because they
ensure the technical flexibility needed to demonstrate a wide
range of treatment technologies in preparation for expansion to
handle the magor portion of all wastewater flows generated on
South Vancouver Island, {(Crofton, Port Alberni. Harmac/Naniamo,
Bamberton, etc.), including the treatments suggested in the AEL
report.

Like the AEL suggestion, pipeline oxygenation also offers a much
simplified method to achieve secondary-level treament objectives
while greatly improving the competitiveness of pumped hydro
storage plants due to the ability to capitalize the magor portion
of the high capital and operating costs with public sewerage
operations. This combination promises success in the highly
competitive and lucrative markets for these systems, (55
Billion/yr.) however, the export pipeline must first generate
taxpayer support by demonstrating that the magor portion of CRD
sewage flows can be treated at substantially less cost than
projected for conventional treatment and, that it can be treated
for re-use without adverse impact on either the Jordan River or
it's hydroelectric project.

The immediate goal then is to acquire the technical, economic and
performance data needed to build, operate, patent and finance a
first-of-it's-kind operating system, thereby creating a visible
application to stimulate worldwide demand and encourage political



support for the technology. The principal barrier likely to be
faced is not the relatively minor hydro energy demand of a pilot-
scale operation, but the lack of capacity to commercialize an
environmental technology that, under a worst case pollution
scenario, would dump highly-oxygenated effluent into a well-
flushed estuary that flows intc the northern part of a strait
where circulation is environmentally superior to southerly
circulation patterns impacted by existing methods.

Meeting the pipeline design goal and maintaining the identified
markets means the magor design criteria must be to ensure the
rapid paydown of construction debt and earn an adequate return on
the investment. This can only be achieved by ensuring a high
degree of operational effgciency {per unit of treatment capacity)
while minimizing operating costs. Conventional plant designs have
very low c¢operating efficiencies due to being sized to deal with
highly variable flow regimes. By contrast a sewage reclaim
Pipeline must be sized on the basis of dealing first with the
permitted average daily flow rate in order to allow continuocus
running at a level close to total available capacity, thereby
maximizing the impact of projected revenues while minimizing
standby capacity operating costs.

Putting it another way. comparing the export pipeline with
conventional treatment is not meaningful because economic
viability cannot be assessed at the level of operaticnal
efficiency established for conventional treatment designs which
exclude any return-on-investment design criteria and, which
further ignore econcmic viability by dictating upfront
construction of an operational flow capacity sufficient to handle
not only current, but all projected future peak flows to the
facility, the net result of which can only prove & a highly
inefficient and wasteful use of capital that at least doubles the
cost of building any pipeline to Jordan River while also
quaranteeing that it will achieve only a very low level of
operating efficiency due to the resulting high level of upfront
financing costs incurred (as a percentage of total operating
costs) to subsidize provision of excessive standby flow
capacities set by planners with few incentives to reduce costs.

Therefore, given that Greater Victoria's total permitted average
daily flow is 21 Mgd, then my original propesal to build a 36 in.
dia. export pipeline to handle up to 30 Mgd is likely still wvalid
and deserving of a detailed evaluation because, while the
pipeline would have some excess capacity on a day-to-day basis,
it would still prove capable of handling between 60-70% of the
existing peak flows. which also means that it would handle
between 80-90% of the total permitted flow, thereby bringing it
within range of commercial-level cperating efficiencies needed to
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ultimately needed to fully develop the pumped bydro storage
option.

It is recognized that friction-induced energy loss is a much
larger concern in a smaller pipe however, this loss should be
considered in terms of the design goal of the pipeline. Friction-
induced energy loss may also be beneficially employed to heat the
waste water by up to 10% to accelerate microbial-nutrient
metabolysis, the power cost of which deserves to be compared to
the highly sensitive batch process of conventional treatment.

In conclusion, the strict engineering necessity of optimizing
pipe and pump sizes for any given pipeline is recognized, but a
Pipeline designed to serve a large pumped hydro scheme has it's
economics for pump energy consumption determined primarily by
reservoir capacity and by the size of the energy consumption
market, a market that is generally considerably higher-valued
than the base-load energy usually employed for the pumping, which
means that much higher friction tolerances are allowed for pump
energy loss and pipe friction. Therefore, in terms of evaluating
the potential sewage reclaim market, the standard present value
energy analysis applied in the AEL letter report is largely
irrelevant, furthering my contention that there is likely no
substance to AEL's recommendation that it would be best if my
pipeline were sized to handle the projected 2015 flow or, that
it's pump stations be anywhere near equivalent in magnitude,
complexity and size as those recommended in the report. In fact ,
the only sound rational for proceeding on the basis of the AEL-
recommended pipe size is if a renewable energy source or fossil-
fueled power plant can be built to provide the base-load power
needed to constantly pump the magor portion of waste waters
generated on the south Island, with flows secured by concurrent
construction of a waste water pipeline connecting to Crofton
along the route of the CRD's rumored freshwater pipeline over the
Malahat, thereby leaving little doubt that the project could play

‘a magor role in the export electricity market, in improving

overall system reliability and, in greatly reducing waste
management costs to industries and consumers.

Thank you for your attention.

R.G. Tennant, President
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Capital Regional District

524 YATES STREET P.0.BOX 1000 VICTORIAB.C. V8W 256 TELEPHONE (604) 360-3000

18 January 1996 Eng. File; L55-12-3

Mr. R.G. Tennant, President
Vanport Sterilizers Inc.

1032 Delestre Avenue
Coquitlam, B.C.

V3K 2H2

Dear Mr. Tennant,

Re: Jordan River Wastewater Treatment and Reuse Proposal

Thank you for your letter of 28 November 1995 in which you comment on the August 1992 review of your
proposal by Associated Engineering Services Ltd.

I regret that we are not convinced of the need to spend more time on your proposal and do not intend to
pursue it further at this time. Your latest letter provides little additional information and we have no authority
at the present time to carry out additional studies of treatment alternatives. Our current priorities are
completion of stage 2 of the liquid waste management plan, which does not include selection of a specific
process for wastewater treatment, and selection of a site for a wastewater treatment facility. This latter item
has been postponed until 1897.

Although we are not actively pursuing your proposal, you may wish o engage an independent third party to
assess the proposal and to consider the points that you raised about the report by Associated Engineering.
We would be pleased to reconsider the proposal at any time i supported by a favourable third party review.
| suggest, however, that such a review should be carried out by an engineering firm with expertise in
wastewater treatment so that costs for all aspects of treatment and disposal are taken into account. For
exampie, if you propose to pump only the average wastewater flow, the study should consider the cost of
dealing with the additional wastewater generated during peak flow hours and wet weather. Siudge
management costs also must be considered. Costs should reflect Ministry of Environment, Lands and Parks
guidelines and draft regulations for effluent and sludge quality at points of discharge to the environment.

Yours very truly,

B

R.W. Warman, P.Eng.
Technical Assistant to the Chief Engineer

cc  M.C. Williams, P.Eng., Chief Engineer
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VANPORT STERILIZERS INC.

Mr. M, Williams, Chief Engineer,
Capital Regicnal District,

524 Yates Street, P.0O. Box 1000
Victoria, B.C.

VBW 286

02/20/96 your file; L55-12-3

Dear Mr. Williams,
Re; Sewage Export Pipelines to Jordan River

This letter concerns the opinions expressed by Mr. Warman in his
letter of 01/18/96.

The CRD's opinion that my letter provides little additional
information is completely false. The letter offers a ratiocnal for
the flow regime needed for commercial pipeline operations, it
thereby justifies the design of my original proposal and totally
refutes both the basic assumption and conclusions of the AEL
report. As AEL's report is based on designs which are without
relevance to commercial pipeline operations, then why shouldn't
you now authorize a re-~investigation of my proposal?

Given that proven, "off-the shelf" technology is available to
support my recent revision of first stage operations, then my
proposal doesn't deserve your classification as a "treatment
alternative"” for which you "have you have no authority to carry
out additional studies". While it is recognized that the devil is
in the details, it cannot be denied that the environmental and
political problems related to the selection of any treatment
process and plant site are largely solved by the Jordan R. site,
which also provides sustainable development opportunities that
the CRD has not factored into any of it's liquid waste management
plans to date. These site-related opportunities are alsc highly
relevant to your search for a definition of need for treatment.

My proposal is further relevant to your imminent plans to spend
$30 million on a centralized treatment plant for the Saanich
Pennisula because it would likely prove just as cost-effective to
constuct an export pipeline from Bazan Bay to connect thru to my
main pipeline at Colwood, (via a route along E. Saanich Rd. to
Saanichton, then directly over to the Hartland Ave. dump where it
would then continue along the Langford border to Colwood). Either
a single, large tank could be built at Bazan Bay to handle peak
fiows or, a portion of the Heal Lake drainage could be reserved
for use as a requlating reservoir, with a high density balefill
operation then employed to upgrade and reduce the area required
for your conventional landfill operations in the drainage.

1032 Delestre Ave., Coguitlam, British Coiumbia. Canada V3K 2H2 Ph: 604-936.3705  Fax: 604-936-4194



To further reduce landfill requirements, fresh garbage could be
screened for injection into the Pipeline to provide downstream

. Compost or power via gasifiers at JR. Your dump could also serve

to locate the proposed coal slurry power plant or, to serve as a
terminus for the aggregate slurry pipeline, whereby de-watered,
high-pH slurry wastewater could then be employed for power plant
acid gas reduction/export. Aggregate reclaim water could also be
exported for agricultural use, along with either fresh water or
sterilized sewage reclaim in a dedicated, small-diameter pipe
reserved for seasonal use, De-watered aggregates destined for
export would be discharged into a pneumatic freight capsule
pPipeline connecting thru to a barge facility at Pat Bay, with a
haul-back of imported coal, cement, etc.

A multi-pipeline corridor from Bazan Bay could also prove of
value to the Water District in terms of greatly reducing the
projected $100 million cost to export water to the CVRD and to
the Gulf Islands, exporting from Bazan via either an underwater
pipeline or along a planned highway bridge route across Satellite
Channel. The bridge could also carry an LRT system or, a high
speed electric train system connecting thru to Naniamo (via an
upgrade of the E & N from Cowichan), thereby also providing the
pipeline corridor to economically access up-Island wastewater
flows. An alternative to trains could be to develop a new motor
transport infrastructure based on production of hydrogen at JR.

Iregardless of the bridge, replacing a Bazan Bay plant with an
export pipeline could prove economical for co-construction of an
LRT line alongside the corridor. A "Ballard-Bus" service or an
LRT shortline could also connect directly from Hartland Ave. thru
to Royal Oak and to the planned LRT line that is currently being
studied. As such, an export pipeline that catalyzes a variety of
energy options would likely ensure more rapid implementation and
economical operation of public transport systems.

Your continuing opposition and refusal to address the specific
points I raised about the AEL report makes it very difficult for
me to engage an independent third party to assess either my
original proposal or the above alternative to a Bazan Bay plant.
Furthermore, I believe that I have already provided economical
and politically-acceptable arguments to deal with your concerns
for managing the peak flow hours and wet weather flows {via
staged development with an initial outfall bypass, followed by
either additional lines or the option for an enclosed seawall
Storage). Despite your refusal of engineering support, I will
press forward and submit the proposal to at least a couple of
well-established engineering firms. 1 hope for a more positive
attitude from the CRD to encourage their investment in a study.

sincerely your§,¥
N Foes

Richard. Tennant



Business in Vancouver
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December: 19-25, 2006

I

Re: the Greater Vancouver Regional
District's upcoming decision on a
replacement for the Cache Creek land-
fill. My company has pro-

- posed that either the GVRD
orthe federal government
buy the nearest closed pulp
mill so it can be converted

into a federally licensed agriculture
quarantine control facility designed to
steam sterilize and produce high-qual-
ity artificial forestry soils made from
municipal solid wastes, agricultural
wastes and contaminated soils. Waste
generators would be given a competi-
tive choice of sending their wastes to
the facility, including liquid wastes to
be converted into peak value electric-
ity and hydrogen. Our proposal would

- . - . rem - -t -

essentially throw the entire municipal
waste management system into reverse
and employ waste disposal revenues
to finance the drive to a hydrogen
economy with off-the-sheif
technologies, including
technology for large-scale
economical burning of liquid
hydrogen ininternal combustion engine
vehicles.

Another mega-landfill or burned-out
garbage incinerator is notmuch of a
legacy compared to an infrastructure
that increases forest productivity and
catalyzes a hydrogen economy.

Richard Tennant,
president,

Van Port Sterilizers Inc.,
Coquitlam
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Richard Tennant Vanport Sterilizers Inc.
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604-936-4194 Coquitlam, BC 1 Norman Chow

DATE ‘ ' PROJECT NUMBER SUBJECT

December 15, 2003 05663 Alternate Energy and Artificial Soils

Dear Richard:
It was nice meeting vou at the BC Research Open House.

Regarding your fax, typical electrolyzers use an electrolyie containing 20 to 25% sodivm or potassium
hyvdroxide solution, operate at 70 to 80 deg C and require approx. 4.2 to 4.6 kWhr 1o produce 1 m3 of
H2 at STP.

I believe that your question on your fax is: How much H2 and O2 can be generated from 100 MGD of
water?

The theoretical amount of H2 and O2 that can be produced from 100 MGD of water is 470.4 Mm3 per
day H2 and 237.2 Mm3 per day O2. The mggest issue with H2 generation is not the availability of
water but rather the power consumption.

#
’

Feel fre;,;to call if you have anymore questions.

Bes}'}l‘ieé’ards,
:;’f P
7
Norman Chow
3650 Wesbrook Mall, Vancouver, BC, V65 2i.2, Canada Tel: (604) 224-4331 Fax: {604) 224-0540

This message is Intended fo be received only by the individual or entity to whom or to which il is addressed. If you have
received this communication in error, please notify the sender immediately {calling collect, if necessary). Thank you for
your assistance and co-operation.



Premature to discount the future practicality

...............................................

Re: More energy answers in proven
technologies (Peter Ladner's At Large
column; issue 882, September 19— 25}.

The fact that the fuel cell industry
owns the “hydrogen highway” trade-
mark does not mean that a hydrogen
economy cannot be developed without
fuel cell vehicles. Witness BMW's
recent announcement of full-scale
production of its new series of hydro-
gen-fuelied sedans that burn hydrogen
in an internal combustion engine
(HICE).

Like the gasoline consumer econ-
omy, the competitiveness of a hydrogen
economy will be not be defined by the-
laws of physics, but by the measure
of its convenience and utility to the
consumer, and, on this account, elec-
tric vehicles fuelled by an “electron
economy” have never been considered
practical since the dawn of the auto
age.

As alayman, | have discovered
that a lot of hydrogen {e.g. 400 million
cubic metres per day) could be quickly
produced by recycling municipal
wastewater through hybrid pumped
storage plants located near Vancouver
and Victoria, whereby electrolyzing just
one-tenth of the wastewater produced

..............................................

in these regions would result in a vol-
ume of hydrogen that is greater than the
daily volume of natural gas consumed
inB.C. ,

Renewables could have a big role
to play in producing the hydrogen, and
pumped storage solves two of the big-
gest problems with renewable energy,
which are its tack of storage and low
power density.

With regard to your unfavourable
assessment of corn-based ethanol,
recent research {at New York Univer-

- sity) has demonstrated that ethanol can

also be proeduced economically by acid
hydrolysis of forestry wastes under a
high pressure reaction.

If the wastes could be economically
imported to biorefineries located near
major urban centres, then there would
be no need to build and operate costly
import pipelines.

Therefore, | believe itis premature
to argue that afternative fuels are not
practical or that your vehicle could not
be made more efficient and have an
even longer driving range thanks to the
addition of a liquid hydrogen storage
tank and a flexible fuel burner.

Richard Tennant
Coauitlam
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“The laws of physics speak against a
hydrogen economy, and physics cannot
be changed by wishful thinking, political
initiatives, research programs or venture
capital.” E |
Dr. Ulf Bossel, chairman of the global Lucerne Fuel Cell

Forum, on the limited light he sees at the end of the tunnel
fot the hydrogen economy. From a Peter Ladner At Large



Two alternative designs for sea-going liquid hydrogen cartiers
that would be deployed as part of the Euro-Quebec Hydro Hydrogen
Project. Both designs envision the use of farge platform-mounted
liquid hydrogen tanks that would be remaoved entirely from the ship
for on-shore storage to minimize energy losses that occur each time
liquid hydragen is pumped from one system to another. The
rendering on the left depicts a SWATH (Small Waterplane Area Twin
Hull} design by Howaldtswerke-Deutsche Werlt AG, Kiel, Germany,
shown as a 9-foot scale model at GASTECH 83, a LNG/LPG
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conference & exhibition Feb. 16-19 in Paris. A conference visitor told
THL this was the first time that a LNG exhibitor showed a mode! of
future LH2 technology.

The fine drawing on the right shows a 180-meter (592 feet) barge
carrier concept by Thyssen Nordseewerke, Emden, Germany. The five
barge-mounted LH2 tanks would be Hoated out from the mother ship
to shore. Each of the five tanks has a volume of 3000 cu.m. (NASA's
storage tanks holds about 3800 cu. m.).

LTt

NREL News............
"Nanotubules" Promise Efficient H Storage

WASHINGTON, DC - A new variant of activated carbon adsorption
may hold promise for efficient hydrogen storage for transportation,
according to a researcher from the National Renewable Energy
Laboratory (NREL) in Golden, CO. :

Michael Heben presented early results of his. work at a ‘one-day
hydrogen workshop that was part of the large joint Solar Energy
Forum April 22-28 here presenled by several solar energy groups. The
workshop, paid for by NREL, was organized by the American
Renewable Hydrogen Energy Aliiance {(ARHEA), the new trade
association founded by the Solar Energy Industries Association (SEIA)
(THL May 1992).

The program, which has been underway for about five months, is
expected to yield tiny assemblies of parallel tubules. Each tubule
would have a diameter of only about 20 Angstrom, and the diameter
of the interstitial space between tubules would be about 5 Angstrom.
These interstitial volumes would act as a kind of nano-capiltary filling
mechanism where hydrogen would be stored at densities of possibly
8% of hydrogen by weight, according to Heben.

Expected properties of the new material include density of 1 gm/cc:
surface area of 5000 sg. m./gram and 4 kJ/mole heat of absorption
per hydrogen molecule,

Could be Cost-Competitive Hydrogen Storage Medium

*It could be an important new mechanism for hydrogen storage,”
Heben said. "Carbon nanotubules held promise for lightweight, high
density and cost-competitive hydrogen storage.”

Scott Hynek of Arthur D. Little, Inc., Cambridge. MA, presented an
overview of its program of evaluating onboard hydrogen storage
systems for future fuel cell vehicles, including the construction and
testing of hardware, for the U.S. Energy Department with resuits due
for delivery at the end of next year.

As part of the same program, Arthur D. Little also has a companion
study underway to evaluate on-board reformer technology for fuel cefl
vehicles such as partial oxidation and autothermal reforming,
according to program director Jeffrey Bentley. Bentley expects to

have the first test prototype by the end of the year, followed by two
years of testing. '

Arthur D. Little Study to Test Storage in the Field

For storage, the four primary candidates are liquid hydrogen, metal
hydrides, compressed vapor, and carbon adsorption. At a meeling
last December, Hynek said while no storage technology is best for all
applications, or obviously favored for fuel cell vehicles, metal hydrides
are a nearterm solution, But carbon adsorption is "the only
developing technology likely to meet the goais of the DoE Hydrogen
Plan for smaller fuel cell-powered vehicles," he wrote in a paper for
the December meeting in Montreal.

Consequently, ADL is focussing on activated carbon in its program,
Hynek indicated at the Washington workshop. Questions to be
answered include, how well do activated carbons really adsorb
hydrogen? How much can they be realistically improved? How
sensitive are they to poisoning by reformate (hydrogen from reformed
natural gas} and 1o shock and vibration? Do they deteriorate with
repeated cycling?

Answers will be sought under field - not laboratory - conditions,
Hynek added and will be incorporated in hardware for a transit bus,
he added.

David Bruderly, of Tren Fuels Inc. and Brudedy Engineering
Associates, Galnesville, FL, reviewed progress in introducing hythane,
the hydrogen/methane blend which Bruderly says reduces NOx 75-
90% compared to natural gas.

A brief mid-March interim report from an ongoing series of tests by
Hydrogen Consultants, Inc. (HCH), Littleton, CO, said that hythane is
lower in both carbon monoxide and NOx than pure natural gas in a
vehicle tuned to take advantage of hythane's special properties.
Usually it's a trade-off, with the decrease of one causing an increase
of the other, says HCI.

Bruderly's company Is funding construction of the second U.S.
hythane station in York, PA, following Boulder, CO. Bruderly says
conversion for hythane costs $1,500-4,500 depending on the type of
vehicle, and hythane-powered vehicles "easily meet Ultra-Low
Emission Vehicle standards. :

“The technology is here today.” he added. "The question is to find
customers who are willing to try it and put up with the inconvenience.”



