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1.0 DNGS SG DESIGN
Darlington Nuclear Generating Station (DNGS) is a
four 900 MW Unit nuclear station forming part of the
Ontario Hydro East System, located east of
Pickering NGS and Toronto, Ontario on the north
shore of Lake" Ontario.

There are four identical steam generators (SGs) per
reactor unit supplied by Babcock & Wilcox. The
Darlington SGs are vertical heat exchangers with an
inverted U-tube bundle in a cylindrical shell. Steam
separating equipment is provided in an integral
steam drum at the upper end of the shell. An integral
semi-cylindrical preheater directs the feedwater flow
up the cold leg through staggered openings created
by the 10 internal baffles.

Each SG has 4663 Incoloy 800 tubes (5/8" OD)
arranged in a triangular pitch. This results in a tube
bundle with about 120 lanes of tubes within a
tubesheet region approximately nine feet in diame-
ter. The tubes are supported by 410 stainless steel
lattice bars and the U-bends by 410 SS flat bars and
arch bars.

Two diametrically opposite four inch inspection ports
located about 10" above the secondary side
tubesheet face allow access to the tubesheet tube-
free lane. The tubesheet secondary surface is car-
bon steel.

Steam operating temperature is about 509°F and the
design recirculation ratio is about 5 at 100% reactor
power. Continuous blowdown is approximately 0.2%
of the steaming rate.

2.0 STRATEGY
The DNGS Nuclear Plant Life Assurance Group, a
department of DNGS Engineering Services have
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taken a Proactive Approach to ensure long term SG
integrity.

Instead of waiting until the tubesheets are covered
by a substantial and established hard deposit; DNGS
plan to clean each steam generator's tubesheet, 1st
half lattice tube support assembly and bottom of the
thermal plate every four years.

The 10 year business plan provides for cleaning and
inspection to be conducted on all four SGs in each
Unit during maintenance outages (currently sched-
uled for every four years).

3.0 WATERLANCING
SYSTEM DESCRIPTION

3.1 Introduction
The waterlancing system employed at DNGS was
designed and fabricated by Babcock and Wilcox
International located in Cambridge, Ontario and has
domestic and foreign patents pending.

Babcock & Wilcox have also performed similar
waterlancing cleaning operations at Ontario Hydro's
Bruce NGS-A and Pickering NGS stations.

One complete waterlancing system was adequate to
meet the schedule requirements of waterlancing the
hot and cold leg tubesheet regions on each pair of
steam generators in four (4) "on steam generator
days". A spare system was made available by
Babcock & Wilcox to assure there would be no pro-
longed down time in case of system failure.

A simplified flowsheet of the waterlancing system is
shown in Figures 1 and 2 attached. The waterlancing
system was comprised of several sub systems; The
Waterlance, Waterlance Delivery system, Control
System, Process Systems, Flushing Waterlance, and
Inspection and Verification Svstem
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3.2 Waterlances
The B&W patent pending waterlance process uti-
lized some very unique intertube waterlancing
devices which directed powerful waterjets directly
onto the sludge and deposits. To achieve a close
proximity, waterlances were thin and flexible to
allow easy manipulation into the tube bundle. A
waterlance is depicted in Figure 3 (mounted in the
delivery system).

The Darlington waterlance measured 0.125" thick,
1.5" wide, and 150" long, and utilized a symmetrical
90° waterjet configuration (with respect to the lance
axis) for efficient removal of sludge and deposits
above and below the waterlance. The waterjets were
directed up and down, and parallel to the tube axis
when the waterlance was in the level orientation. The
waterjets were purposely configured parallel to the
steam generator tubing to minimize erosion of steam
generator tubing and allow higher pressures to be
used without damaging the tubes. The waterjets can
reach up to several feet for cleaning tubes, tubesheet,
and tube supporting structures simultaneously.

3.3 Waterlance Delivery System
The waterlance delivery system (Figure 3) accessed
the steam generator through the NTL handhole. The
system mounted to the steam generator tubesheet
handhole and drove a rigid guide down the NTL. The
waterlance was supported by the guide, and was
directed 90° (relative to the NTL) by the guide head
for delivery into the tube bundle.

The guide and waterlance were driven by servo
motors. The waterlance and guide assemblies were
coupled to the servo motor through positively
engaged tractor drive systems. Lane to lane indexing
and position calibration were controlled through com-
puter software using encoder position feedback and
proximity detectors.

The servo controlled motors allowed the lance to
waterjet on insertion as well as retraction. Drive
power was also controlled to detect obstructions in
the tube lanes and prevent over stressing the lances.

A rotational drive with encoder position feedback
and clinometer for level reference provided rota-
tional motions.

3.4 Control System

The control system was divided into two main com-
puter controlled systems. The first was called the
Controller (Figure 4). This system was a collection of
power supplies, solid state relays and interconnect
hardware that were controlled by the mating of a
motion controller and a 80486 microprocessor board.

These two boards control and interpolate the motion
of the lance system while coordinating all the sen-
sory feedback.

The second was a computer control workstation
which allowed remote control of all lancing, flushing
and fibreoptic inspection operations (Figure 5).
Remote cameras also feedback to the control work-
station thus minimizing personnel exposure during
the cleaning operations. The workstation used a win-
dows based software that provided graphical on-line
position feedback displays, camera views, diagnos-
tics, and data logging. On-line reports were generat-
ed by simply selecting an icon and then printed on a
HP Laser Jet 4L

The data generated by the system was continually
being backed up on the hard disk. The information
was stored in a DOS text format for importation into
any standard software package.

The two systems were joined by a standard
"Ethernet" card. This card allowed for high speed
data transfer and network capability.

3.5 Process Systems

The waterlancing system incorporates three main
process systems; high pressure water supply system,
suction systems and sludge removal/filtration system.

High Pressure Water Supply System;

High pressure water required for lancing and flushing
was provided by high pressure pumps (Figure 6). The
high pressure pumps can supply 10 U.S. gpm @
12,000 psi for lancing and 30 U.S. gpm @ 4000 psi
for flushing and were powered by a 100 hp TEFC
electric motor. Each High pressure pump unit
includes a pressure regulator, inlet filter unit, over-
pressure protection and an emergency kill switch
and are mounted on a rigid frame complete with inte-
gral casters for portability. Water supply to the pump
is provided by a 300 gallon cylindrical water tank
equipped with a booster pump. This system ensured
proper operation of the High pressure pump by pro-
viding the consistent water flow required. The boost-
er pump was powered by a 3 hp electric motor and
had a maximum rated capacity of 50 U.S. gpm @ 40
psi. The water tank was filled from the plant water
supply and the water level was regulated by an auto-
matic level control system. The water tank, booster
pump and level control system were all mounted
together on a steel frame. The high pressure water
supply to the lance was controlled by the automated
lancing control system utilizing a solenoid operated
valve which diverted water at low pressure back to
the supply tank when the lance was not in operation.
1/2" high pressure hose, 1" flushing hose, and 2"
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suction hose were used in 175' lengths for passing
over the reactor mechanism deck, and in 50' lengths
at the high pressure pump and steam generator.

Suction System;

The purpose of the suction system was to remove
water and entrained sludge from the steam genera-
tor during lancing and flushing. Suction was provided
by an air-powered double diaphragm pump with a
maximum rated capacity of 140 U.S. gpm. A suction
foot was inserted into the steam generator through
one of the unused handholes and was fixed in posi-
tion with an adapter flange. A water level sensor was
used to ensure that the suction system was func-
tioning properly and eliminate the risk of water over-
flowing through the handholes. The diaphragm
pumps were each mounted on a portable steel
frame. The suction hose was 175' in length for pass-
ing over the reactor mechanism deck, and in 50'
lengths at the steam generator and water supply
tank. All suction hoses were connected using quick-
connect "Camlock" fittings.

Sludge Removal / Filtration Unit;
Water removed from the steam generator by the suc-
tion system was pumped through a filtration unit to
remove any particulate (sludge) and then either
drained or sent back to the supply tank for recircula-
tion. The filter system consisted of three filter canis-
ters as shown mounted together on a mobile cart
(Figure 7). The two stage filter assembly used 23 and
1.5 micron filters connected as shown in Figure 1. A
valve was mounted on the unit which allowed the
flow to be diverted to allow filter bags to be replaced
without shutting down the system. A pressure gauge
indicated when a filter element required replacement.

3.6 Flushing Lance

The flushing lance is depicted in Figure 8. The flush-
ing lance is similar in shape and size as the lance
guide so that it can be deployed by the drive assem-
bly. The flushing lance utilized three (3) parallel water-
jets that sweep (by the rotational motion) up and
down the tube lanes to direct loose sludge to the
periphery of the SG. The principle behind using three
(3) parallel jets is that the center jet entrains and
pushes the sludge down the intertube lane while the
outer jets columnate and channel the flow of sludge
and water.

When the flushing waterjets leave the tube bundle
and enter the annulus, the flows were deflected by
the inner surface of the shell towards the opposite
handhole where they were removed by the suction
system. Sufficient energy was maintained in the

flow path to entrain sludge until the suction foot
was reached.

3.7 Inspection and Verification System

Methods for visual inspection of the tubesheet, tube,
1st half lattice bar tube support, and underside of
lower preheater baffle plate and measurements of
sludge height are provided by the visual inspection
system (Figure 9).

The heart of the system consisted of a 2 mm
fibrescope mounted in a strip which was the same
size as the waterlance. This design allowed the strip
to utilize the intertube waterlancing equipment for
deployment inside the steam generator.

The fibreoptic was indexed to a preselected 90°
intertube lane with the guide drive, and inserted into
the lane with the lance drive. Rotation of the lance
guide by 3rd axis motion inclined the inspection strip
to allow vertical positioning of its visual end.

The inspection strip completely housed the
fibrescope and protected it from all external forces.
The optical end of the fibrescope was supported at
the rear of the inspection strip with its integral video
camera system to prevent any damage to the deli-
cate fibreoptic bundle. The front end of the fibreop-
tic bundle was supported within the inspection strip
and was positioned at the lower edge of the inspec-
tion strip end at the optimal angle to gain maximum
visual information.

Fibrescope cleanliness was maintained by providing
an integral cleaning system within the visual inspec-
tion strip. Within the visual inspection strip provision
for an air purge and waterwash of the fibreoptic lens
was provided. In the event that the fibrescope
become fouled, the air purge and waterwash was
used to clean the lens. The visual inspection system
also included a separate unit which housed a fibre-
optic light source and CCD camera.

4.0 QUALIFICATION TESTS
Qualification tests were performed by Babcock &
Wilcox prior to site work to determine the safe oper-
ating conditions of the waterlance for cleaning the
tubes, tubesheet, and lower lattice tube support. A
criteria of no tube erosion and no damage to steam
generator internals was established. This was deter-
mined by performing water jetting tests on a mock-
up of the Darlington SG and representative SG inter-
nal parts. The information gathered from the tests
gave the operating envelope of pressure, impinge-
ment angle and standoff distance. The 90° water-
lance qualified to operate at 8000 psi pump pressure
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with the lance in the level orientation. Detailed
requirements of the qualification tests were provided
by Ontario Hydro.

5.0 DESCRIPTION OF CLEANING CYCLE
The following describes the cleaning sequence used
during the Unit 4 steam generator cleanings.

5.1 Pre-inspection

To establish the condition and sludge loading in the
steam generators before waterlancing, a pre-inspec-
tion was conducted using the fibreoptic inspection
system. Due to time restraints during the outage
caused by other activities on the SGs, only a number
of selected intertube lanes were inspected.

A select number of points were inspected at the
tubesheet, 1st half-lattice tube support and thermal
plate. The pre-inspection was video-taped with an
audio record, and is available in VHS format. Sketch
1 (SK1) gives a summary of some of the pre-inspec-
tion results for B01.

The depth of the sludge could not be measured
directly as there was only a very small amount in the
SGs. A layer of continuous thin sludge having an esti-
mated thickness of about 1/8" was determined from
eddy current measurements.

5.2 Lancing
After the pre-inspection, the hot and cold leg regions
of each steam generator were waterlanced by the
remote waterlancing system. The system required
an average of two on steam generator days per SG
to complete the waterlancing operations.

The 90° cutting waterlance was operated in every
accessible 90° lane on the hot leg side to waterlance
the tubesheet, tubes and 1st half lower lattice grid
simultaneously, and then the cold leg side to water-
lance the tubesheet, tubes, and underside of the pre-
heater baffle plate simultaneously.

Because a relatively low sludge loading was observed
in the pre-inspection, the waterlance was operated at
6000 psi pump pressure, and two passes (lancing on
the way in and out) at a traverse rate of 12" per
minute. The waterjets acted erosively on the sludge
and deposits in these areas to remove them.

5.3 Flushing

While some sludge was removed during the actual
waterlancing process, the majority was removed by
the high volume flushing of the steam generator
after lancing was completed.

The steam generators were flushed using the flush-
ing lance operated at 4000 psi pump pressure and 28

USGPM flow rate. The high pressure pump can be
converted for the flushing operation by changing the
plunger size to 1 1/4".

The flushing lance was incremented one lane at a
time essentially allowing 3 cleaning passes in the
majority of the tube lanes.

To assure that all of the sludge was filtered out, all
waste water removed from the steam generator by
the suction system was passed through the filter sys-
tem before it was recirculated. One filter system pro-
vided adequate capacity to support the waterlancing
system during both waterlancing and flushing.

Effective removal of loosened sludge was an impor-
tant part of the waterlancing process, as excessive
amounts of loose sludge left in the steam generator
after waterlancing could interfere with post-outage
steam generator blowdown performance and also
accelerate the formation of sludge deposits.

5.4 Post - Inspection

With Waterlance Equipment;
To establish the cleanliness of the steam generators
after the waterlancing program, a post-inspection
was conducted using the waterlance inspection sys-
tem. The same points inspected in the prelancing
inspection were inspected for comparison. The
inspection showed that all the steam generators
were clean.

Additional Inspection;
To satisfy the inspection program requirements and
to assist in establishing the cleanliness of the steam
generators after the waterlance program , a post-
inspection was also conducted by personnel from
the Specialized Inspection & Maintenance
Department (SIMD - an OH central group) in the
tubesheet regions which are not accessible to the
waterlance inspection system. The areas include the
tube-free lane, tube bundle annular spaces, the
peripheral areas of the first half lattice tube support,
and the feedwater box. This additional inspection
was only carried out on BO3.

The inspection by SIMD was recorded on VHS and
SVHS tape and verified the steam generators were
clean.

5.5 Sampling
Wastewater;

During the waterlancing program, for both the lanc-
ing and flushing, samples of the wastewater down-
stream of the waterlance filters were collected for
each waterlancing shift to satisfy the requirements in
the Ministry of Environment Sewage Works
Certificate of Approval.
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The 16 wastewater samples were analysed and the
range of results are tabulated in Table 1 attached.

Filter Sludge;

During the waterlancing program, for both lancing and
flushing, the 23 and 1.5 micron filters on the water-
lancing filter skid were changed out and collected in
labelled plastic bags for each steam generator.

The estimate of the sludge collected on the filters for
any steam generator is 4 kg. This was based on wet
filter weights and calculated sludge loadings.

Tubesheet Sludge;

During the waterlancing program, prior to either lanc-
ing or flushing, attempts were made to get a grab
sample of sludge from the tubesheet surface in the
tube bundle. Unfortunately because of the amount of
water left on the tubesheet after draining/suction,
only a wet swipe deposit was obtained from BO2 off
of a dirty lance onto a clean glove.

The sludge sample on the glove was analysed and
the results are tabulated in Table 2 below along with
previous sample results obtained in Units 2 & 3.

TABLE 2: SG (BO2) Tubesheet Sludge
Sample Analysis

Concentration of HL Sludoe

Calcium
Chloride
Chromium
Copper
Iron
Lead
Magnesium
Nickel
Sodium
Sulphate

U4BO2*
(ppm)

466
1052

95
2733

586210
276
466
448

2828
1060

U2BO1
(ppm)

<50
NA

4200
2700

671000
198
148

4900
<50

<500

U3BO2
(ppm)

900
NA

7200
1440

630000
110**

290
4000

<5
770

* - approximate values since glove used
** - could be analysis or sample error

The results of the sludge sample from the tubesheet
were considered acceptable, and comparable to pre-
vious U2BO1 and U3BO2 samples.

Results of Previous Inspection of U2 Tubesheet;

The oldest steam generators (in Unit 2) are about 5
years old since going in-service. The latest inspec-
tions of these steam generators during the
September 1994 outage have shown that the
tubesheet has a scattered deposit of about 3 to 4
mm in depth.

Some of the tubes at the tubesheet have deposit col-
lars growing from the tubesheet upwards along the
tube surface. Darlington currently has only small
quantities of soft deposits accumulating on the SG
tubesheets.

6.0 KEY OUTAGE INFORMATION

6.1 Personnel

The complete DNGS waterlance team consisting of
eleven Mechanical and Control Maintenance staff,
which were trained over a two week period in
February at the equipment manufacturer Babcock &
Wilcox.

Operation was done by 2 crews of 4 people on two
12 hour shifts.

Two equipment manufacturers' representatives were
contracted to act as Technical Services Consultants
at DNGS for the full duration of the outage.

6.2 Site Services

The following lists the equipment and services pro-
vided by the plant to allow operation of the special-
ized equipment. Quantities given are based on one
Waterlancing System.

• High pressure Pump: 575 volt electrical service via
quick connect coupling 200A starting current,
100A pumping current.

• Booster Pump: 220 volt, 25A, single phase electri-
cal service.

• 5 x 100 psi air supply to steam generator area (1
at water tank, 2 at lancing area, and 2 at the lance
control station).

• Minimum of 5,110 volt electrical connections (1 at
water tank, 2 at lancing area, and 2 at the lance
control station).

• 50 USGPM demineralized water supply delivered
to water tank through a 2" male Camlock connec-
tor. Supply hose to be adequately supported to
allow for proper hook-up to top of water tank.

• Drainage for waste water disposal (min. 50
USGPM capacity).

• Communications

• Adequate laydown space for high pressure
pumps, filter carts and associated equipment.

• Adequate laydown space in Zone 2 for mockups
and training equipment.

• Crane facilities for equipment.

• Adequate lighting, scaffolding, etc. around steam
generators to provide a safe and accessible work-
ing environment.
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• Secure storage for equipment during extended
downtime periods.

6.3 Hazards

Conventional;

The many and long lengths of hosing and cabling
were routed as best as possible to keep traffic areas
clear. Numerous warning signs were displayed
where required.

Areas around the process equipment, where pumps
and high pressure water hosing were concentrated,
were roped off to minimize traffic and disruption to
the waterlance team members at station there.

Hoses were protected to mitigate the consequences
of leaks.

Only the trained members of the waterlance team
were authorized to run the waterlance equipment.

Radiological;

Radiation at the two steam generator inspection
ports was approximately 25 millirem/hour outside
the ports and 50 millirem/hour just inside the ports.

7.0 LESSONS LEARNED FOR
WATERLANCING IN THE FUTURE
The first use of the new waterlancing system went
extremely well, never-the-less there is room, at least
conceptually for refinements during repeated use.

7.1 Hardware

Loose Parts Procedure;

Although no parts were lost in the steam generators
during the waterlancing campaign, the following are
recommended to further assure this never becomes
a problem.

1. Modify inventory checklist to include check of
tool sub-components (that they are properly tight-
ened etc) before and after insertion/removal from
the SG, to avoid loose parts in the SG.

2. Have search procedures written up ahead of time
for various sizes of loose parts in the tubesheet
region.

3. As a suggestion for loose parts retrieval, compo-
nents on tools etc which could theoretically
become loose parts should be made of stainless
400 which is magnetic and/or be brightly
coloured, and thus would be much easier to
retrieve from the steam generator.

Steam Generator Access;

Waterlancing equipment access to the steam gener-
ators was generally good. The nearest wall on one

side of the steam generator required the tail end of
the waterlance guide to bend slightly when opera-
tions were carried out at the near side of the NTL.

In some circumstances, the blowdown pipe which
occupies close to the handhole obstructed the rota-
tion drive assembly when 3rd axis motion was initi-
ated. Angles up to 45° were required but angles of
only 35° were achieved. Accommodation of the
blowdown pipe is needed in the equipment design.

High pressure Pumps;

Vibrations from the 100 hp high pressure pump may
effect plant instrumentation in the immediate vicini-
ty. To reduce this problem considerably, the pump
lift blocks should incorporate a section of rubber or
other dampening material to achieve isolation from
the vibrations.

Inspection System;

Problems were encountered in the post-lancing
inspection of the steam generators. The fibreoptic
strip would get covered/smudged with sludge and
cloud the visual image. The continuous flow of air
across the f ibrescope was not strong enough to keep
the sludge (which had the consistency of petroleum
jelly) from covering the lens.

Repeated attempts to utilize the automatic Camera
Wash system did not work. It is unclear if the wash
canister was empty, or the system did not function
properly.

In future, it may be necessary to increase the air
pressure across the strip. The pressure is currently
20 psi, increasing this to 30 psi should not be a prob-
lem. The fear is blowing high pressure across the
face of an extremely delicate instrument. High pres-
sure could blow the lens completely off the
fibrescope. Lenses are typically glued to the fibreop-
tic bundle, and lens detachment has been a recent
problem with the fibrescopes.

It is possible the sludge runs down the tubes from
the first lattice grid after flushing. If this is true, it may
be necessary to wait until the water/sludge collects
on the tubesheet before performing the inspection.

Suction System;

The tubesheet region was drained using the diaphram
suction pump system, which performed considerably
better than a wet-dry vacuum used previously. For the
next outage (U2) it is recommended that the suction
pump be used to drain the tubesheet.

High Pressure, Flushing and Suction Hoses ;

High pressure, flushing, and suction hoses were rel-
atively long (175 ft.) to pass over the reactor mech-
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anism deck to assure minimal possibility of leaks
that could otherwise occur from fittings. The coiled
size and weight of these hoses was too uneconom-
ical for manual layout. To improve this situation,
hose reels driven by air actuation with forward and
reverse are recommended to prevent back strain
and potential injury.

Two suction hoses failed due to abrasion on a corner
of concrete. Corner protectors are recommended for
all hoses to prevent this problem.

Flushing;

It was observed that the flushing lance nozzle end
moved up to contact the NTL divider plate when the

waterjets were directed at steep angles to the
tubesheet. This is attributed to the thrust from the
waterjets causing the flushing lance to bend slightly.
A method for stabilizing this condition is necessary.

7.2 Instrumentation

Label all cables and hoses at both ends.

7.3 Safety

Have available hose guard blankets.

7.4 Equipment Storage/Training Facility

A dedicated building set up to do lance qualifying and
mock up training is recommended.

SUCTION
PUMP LANCING

RECIRCULATION
(FLUSHING)FILTERS

COARSE - 23 MICRON
FINE-1.5 MICRON

ACTIVE
LIQUID
DRAINS

SUPPLY
TANK

2 HIGH PRESSURE
PUMPS

COMPUTER
SOFTWARE
PRINTERS
MONITORS
VCR
VIDEO PRINTER
SOUND AMP

COMPUTER WORKSTATION

DARLINGTON NGS
STEAM GENERATORS
WATERLANCING
SIMPLIFIED
FLOW DIAGRAM

^ DAS 95.08.29
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SG WATERLANCING DNGS UNIT 4 1995
WASTEWATER SAMPLE ANALYSIS RESULTS (*)

BOILER #

SAMPLE*

CONCENTRATION

METHOD
BO-1 4

6

6
7

RANGE - MIN

-MAX

AVERAGE
BO-2 8

9
10

RANGE - MIN

-MAX
AVERAGE

BO-3 1
2

3

RANGE - MIN
-MAX

AVERAGE

BO-4 11
12
13

14

15
16

RANGE-MIN
•MAX

AVERAGE
OVERALL RANGE - MIN

-MAX

OVERALL AVERAGE

PROCESS/
LOCATION

NA
LANCING/SSCL

LANCING/NSCL
FLUSHING/NSHL

LANCING/SS
FLUSHING/SS
LANCING/NS

SSCL
SSCL
SSHL

LANCING
LANCING
LANCING/NS

FLUSHING/NSHL
FLUSHING/SSCL
FLUSHING/SSHL

Ca

PPM

BYICP

1.9

0.22
0.18
0.3

0.18

1.9

0.65

1.43
2.28
NA
1.43
2.28
1.88
0.21
0.4

0.23
0.21
0.4

0.28
NA
NA
NA

NA
0.76
0.82

0.76

0.82

0.79
0.16
1 2 8

0.792

Cl

PPM

8YIC
1.09
0.06
0.03
0.046
0.03
1.09

0.31
0.22
0.44
0.17

0.17
0.44

0.28
<0.02
0.06

NA

0.02
0.08

0.03
0.18
0.06
0.14

<0.04
•C0.04

0.11

0.04

0.18

0.11
<0.02

1.0«

0.18

Cr

PPM

BYICP

< 0.005
< 0.005

<0.0O5
< 0.005

0.005
0.005

0.005
< 0.005
< 0.005

NA

0.005
0.005
0.005

< 0.005

< 0.005
<0.OO5

0.006
0.0O5

0.005
NA
NA

NA

NA
< 0.005

< 0.005

0.005

0.005

0.005
< 0.006
< 0.006

< 0.005

Cu

PPM

BYICP

0.127
0.036

0.03
0.03
0.03
0.127
0.06
0.05
0.099

NA

0.05
0.099
0.07
0.068

0.019
0.038
0.019
0.0S8
0.041

NA
NA
NA

NA
0.038

0.159

0.038

0.159

0.099

0.019

0.159

0.083

F»

PPM

BYICP
2.03
0.68

0.24
0.25
0.24
2.03
0.8

1.17
0.8

NA

0.8

1.17
0.99
0.49

0.019
1.4

0.019
1.4

0.636
NA

NA

NA

NA
1.06

7.26

1.06

7.26
4.16

0.019

7.26

1.4

TABLE 1

Pb

PPM

BYICP
< 0.005
< 0.005

<0.OO5
< 0.005
0.O05
0.005

0.005
0.53
1.13
NA

0.53
1.13
0.83
0.14

< 0.005
< 0.005
0.005
0.14
0.05

NA
NA
NA

NA

0.51

< 0.005
0.005

0.51
0.28

< 0.005
1.13
0.213

Mg

PPM

BYICP
0.59
0.02

0.01
0.01

0.01
0.59

0.16

0.1
0.1
NA

0.1
0.1
0.1

0.01
0.01
0.02
0.01
0.02

0.01
NA

NA

NA

NA
0.02

0.02

0.02

0.02

0.02

0.01
0.59

0.083

Nl

PPM
BYICP

0.04
0.008

<0.007
< 0.007
0.007
0.04

0.018
0.03

0.02
NA

0.02
0.03

0.03

0.008

< 0.007
< 0.007
0.007
0.008
0.008

NA

NA
NA

NA

< 0.007
0.04

0.007

0.04

0.024

< 0.007
0.04

0.018

PH

8.35

6.59

5.83
5.88
5.83
8.35

6.86
7.23

8.94
6.94
6.84
7.23

7.04

6.26
6.87
NA

6.25
8.87

6,66
8.27
6.09
5.49

8.46
6.62
6.S4
5.48

6.64

6.28
5.49
8.36

6.66

Na

PPM
BYICP

0.75

<0.02

<0.02
<0.02
0.02
0.75

0.2
0.13

0.97
NA

0.13
0.97

0.55
<0.02
<0.02
<0.02
<0.02
<0.02

<0.02
NA
NA
NA

NA

0.03
0.06

0.03
0.06

0.05
<0.02
0.97

0.187

Sulphate

PPM
BYIC

1.08

<0.04

<0.04
0.13
0.04
1.08

0.32
0.51
0.99
0.28
0.28
0.99
0.59
<0.04
0.12
NA

0.04
0.12

0.08
0.12
0.06
0.12

0.07
0.08
0.08

0.08
0.12

0.08
<0.04
1.08

0.251
(• ) WASTEWATER WAS TAKEN AT SAMPLING POINT JUST DOWNSTREAM OF WATERLANCE 23 AND 1.5 MICRON FILTERS.
NA - NOT AVAILABLE

TOTAL
SUSPENDED

SOLIDS (TSS)

PPM
FOR 105C

<2
18

3

11

2

18

8.5
NA
NA
NA

NA

NA

NA
11

12

NA

11

12

12

NA
NA
NA

NA

NA

NA

NA

NA

NA
<2

18

9.5

1995.08.30

Zn

PPM

BYICP
0.01

0.09

0.05
0.1

0.01
0.1

0.25
0.18

0.23
NA

0.18
0.23
0.21
0.05

0.08
0.08
0.05
0.08
0.07
NA

NA

NA

NA

0.048

0.094
0.048

0.094
0.071
0.01
0.23
0.092
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FIG.2: REIOTE WATERLANCING SYSTEI LAYOUT
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Figure 5: Babcock & Wilcox Waterlancing Workstation

Figure 6: High Prassura Pump a
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Figure 7: Sludge Removal/Filtration Unit
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FIGURE 9 BABCOCK 8, WILCOX INSPECTION AND
VERIFICATION SYSTEM
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