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The historical significance of Pearl Harbor and
the technical details of a mile-long directional
bore and cable pull combined for an interesting
story in the October 2006 Transmission and
Distribution World Magazine (“HECQO'’s Mile-
Long Cable Pull”) (link to online article).
However, many details of the cable pull itself
were not presented in the story, and will be
covered in this supplement.

Background: The article focused on two
circuits (six cable runs) that went under the
harbor from Oahu to Ford Island. These runs
were roughly 5300 feet (1615 m) each. The
cable was a 46 kV XLPE 1750 kcmil Cu with
an OD of 3.04 inches (77 mm) and a weight of
7.625 Ibs per foot (11.35 kg/m) (reel weight of
over 20 tons) to be pulled into a 6-inch (152
mm) OD SDR-11 HDPE pipe. The HDPE duct Y S
was in an exterior 24-inch (0.61 m) steel u A
casing that was pulled (with the empty duct Ford Island is in the t;ac;k round, with the
inside) under the harbor via HDD. chosen route along thge edge of the
Admiral Cleary Bridge.

While the long under-harbor cable installation received
most of the attention, an additional 18,000 feet (5500 m)
of power cable was also pulled onshore into PVC duct.
Fiber optic cable and smaller HDPE innerduct were
pulled later into an empty duct in the casing.

Lubricant Selection:  American Electric (AE), the
electrical contractor that would do the cable pulling,
approached Polywater early in their planning for
recommendations on an appropriate lubricant for this

- installation. While Polywater makes lots of specialty
lubricants, this was an easy decision. The lubricant to
use was Polywater® J. Polywater® J is well known in
the cable manufacturing and engineering community,
The pulli ng of over 40,000 Ibs (18000  and has been used in the pulling of thousands of miles

kg) of cable into each of six conduits of underground transmission cable for over 20 years.
would require a superior lubricant




Lubricant Quantity:  The question of how much lubricant was going to be needed for the job
was also straightforward. Based on applications research and field experience, Polywater
has developed algorithms for estimating lubricant quantities appropriate for a pull or multiple
pulls on a jobs (link to web calculator). The recommendation for all the 46 kV pulls was
roughly 600 gallons (2270 liters).

As important as the amount of lubricant
was how it was to be used. AE was
innovative in this area, with details to be
discussed later.

American Electric actually needed
additional lubricant to lubricate the steel
casing when it was slid over the bundled
HDPE and for the pulling of the fiber
optic cable and innerducts. AE used the
Polywater® J in the Front End Packs™,
five-gallon pails, and 55-gallon drums.

Polywater © J in drums worked well with the automatic
pumping used by American Electric.

Tension Estimation:  Directional boring
produces long sweeping curves, and, as the
picture shows, this is certainly true when a
24-inch (0.61 m) steel casing with a % inch
(13 mm) wall is pulled back through the bore.
The bends to take the cable under the
harbor and bring it back up to grade had radii
of several thousand feet (600+ m).

As shown in the rough diagram below, the
cable started down through a long vertical
convex curve. Then there was a long vertical The steel casing being fed to the backreamer
concave curve bringing it back to level for the pulling it under the harbor

horizontal run under the harbor. There was a

slight (2 degree) horizontal displacement about 1/3 of the way across the harbor. Additional
long curves on the Ford Island side brought the cable up to grade.
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Because the weight of the cable in such long sweeps is large compared with the tension on
the cable as it enters the sweeps, these bends are outside the boundary conditions of the
normal “bend” pulling equations. See the white paper www.polywater.com/HDDbends.pdf for
more detailed discussion and analysis.

The pull was simulated using one of the methods described in the analysis. This approach
preserves total length, vertical and horizontal displacement, and total degree of bend by
reducing the pull to straight sections with small radius bends. It must be understood that the
sidewall pressure through these small radius bends has no meaning.
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Friction Coefficient:  Once the conduit run has
been defined (as above), a friction coefficient is
needed to do tension calculations. An appropriate
friction coefficient for this job required the most
thought and experience.

Polywater research indicates the primary influences on friction coefficient in the field are:

Jacket/Conduit/and Lubricant:  All three of these were known, the jacket was a PE
type, the conduit was HDPE, and the lubricant was Polywater® J. Lab measurements
on Polywater’s Friction Table (shown above) over the last 5 years with this combination
have averaged 0.11 to 0.12, with a surprisingly narrow testing range of 0.10 to 0.16.

Temperature: Higher temperatures make jackets “sticky”, even with a lubricant.
While Oahu is temperate, it is not “cool”, even in January, with an average temperature
of 72 degrees F (22 C). This was anticipated as only a slight factor.

Number of cables: 3 cables pull with a higher friction coefficient than that projected
by the weight correction factor, especially when cable fill is in the 30% plus range. But
this was not a factor since this was a single cable pull.



Normal pressure: This is often misunderstood, but simply put, lubricated cables pull
through bends with a somewhat lower friction coefficient than they show in straight
sections. Occasionally this difference is referred to as high bearing pressure versus
low bearing pressure friction. The friction table referred to previously is a high bearing
pressure test (typically 200 Ibs/ft (300 kg/m) of bearing pressure). The magnitude of
bearing pressure differences on friction depends on details. For Polywater® J, we size
the difference at 20% to 30%. Because the conduit “bends “ under the harbor were
very large radius bends, the only real force acting on the cable was its gravitational
weight. So this is essentially a “no bend” pull, presumably in the low bearing pressure
mode of friction. This was anticipated to be a significant factor pushing the friction
coefficient above the lab friction table measurements.

Conduit and pull details:  The conduit was clean, new HDPE with interior skived
fusion joints. The obvious issue here was the length of the run. Could the lubricant
carry on the cable for that distance and still be effective? Even with the optimal
application techniques, the extreme length had to be considered.

Back tension: AE had an elaborate cable feed and reel driving system, and felt the
cable would enter the duct with almost no back tension; so back tension was assumed
to be zero.

Lubricant application: ~ American Electric was diligent in their planning and approach
to lubrication. While the details are presented later, it was assumed that the lubrication
would be thorough.

Pull-Planner™ 2000 Calculations:  The
convenience of American Polywater’s Pull-
Planner™ 2000 software is the ability to
change friction coefficient, incoming tension,
conduit data, etc. easily. This capability was
used extensively during the pull analysis.
With the tension maximum on the cable of
12,000 Ibs (54 kN), the software indicated
the field friction coefficient would need to be
below 0.28 based on the conduit as
diagramed above.

Based on the factors above, and using
actual tension measurements from the
onshore pulls (same cable but PVC conduit),
A motorized feed on the heavy reel would the friction coefficient assumed was 0.17 (+
produce very low cable entry back tension 20%) This projected tension at slightly over
7000 Ibs (31 kN) (5800 Ibs to 8400 Ibs). The
analysis indicated the pull could be made
with tensions well below the maximum. The
Pull-Planner™ printout below shows details.



Pull-Planner™ 2000
PULL 1.D.: Ford Island Simplified
CONDUIT INNER DIAMETER: 5.25 INCHES CONDUIT FILL: 33%
TOTAL OF1 CABLES OF1 TYPE BEING PULLED.
CABLE #1 1 CABLE 0O.D. OF 3.04 INCHES WEIGHT OF 7.625 Ibs/ft
TOTAL CABLE WEIGHT:7.625 Ibs/ft
CALCULATED WEIGHT CORRECTION FACTOR: 1
CONFIGURATION: SINGLE CABLE

JAM/CLEARANCE ANALYSIS: JAMMING NOT POSSIBLE

COF=0,17 Incoming Tension = 0 Ibs.
Seg SSA(® U/D SSL(ft) Bend u/D Radius(FT) Angle(9 Tension (Ibs)-

1 0 NA 65 NONE NA 0 0 84

2 0 NA 0 VCDN Down 3 6 86

3 6 Down 775 NONE NA 0 0 467
4 0 NA 0 VCUP Down 3 6 475
5 0 NA 1150 NONE NA 0 0 1966
6 0 NA 0 HZTL NA 3 2 1978
7 0 NA 2370 NONE NA 0 0 5050
8 0 NA 0 VCUP upP 3 7 5156
9 7 UP 725 NONE NA 0 0 6762
10 0 NA 0 VCDN UpP 3 7 6905
11 0 NA 95 NONE NA 0 0 7028

Lubrication Methods:  AE used application methods to get the most from the Polywater® J.
The key was to get the high performance lubricant to every point of rub over the mile of
conduit.

1. There is no downside to “too much” lubricant, and AE used lubricant liberally.

2. AE used a number of conduit “prelubrication” techniques. This means lubricant is put
into the conduit and spread in front of the cable. Regardless of which surface is
lubricated, the friction reduction is the same. AE used Polywater’s Front End Packs™
(bags of lubricant) attached to the winch line and also poured or pumped lubricant into
the conduit before the cable entered.

3. AE used automatic pumps with a full wrap-around lubrication collar to assure that
lubricant completely covered the jacket surface. These pulls took over 3 hours each,
and worker fatigue made manual lubrication questionable.




4. AE poured lubricant down the duct from Ford Island (pulling side) to have “fresh
lubricant for the last 800 feet (244 m) or so of the pull.

The use of an automatic pump on the A wrap -around collar lubricator
Polywater ® 3 drums resulted in ensured complete jacket coverage
complete and “easy” lubrication. for the Polywater ~ J

Polywater ® Jwas pumped/poured into the
conduit at both ends for “prelubrication”

Results: The results of this planning and care were described in a single sentence in the
T&D Magazine article.

“Actual pull tensions turned out to be less than 7,000 Ibs, with an occasional
spike above 8,000 Ibs.”

A conscientious contractor was able to plan and execute a quality cable installation using the
best research and technology available today. No visitors to this national historic site will
ever know about or see the installation, and that’s alright. Pearl Harbor is not about power
cables. Polywater is proud of the part we played in making this happen.

Topic Related Links
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