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1. Introduction 
As part of its overall efforts to assess the condition of its supply facilities between Lake Whatcom and its 
Whatcom Falls Water Treatment Plant (WTP), the City of Bellingham (City) undertook an assessment of the 
condition of the existing 72-inch diameter wood stave intake pipe that extends approximately 1,225 feet 
into Basin 2 of Lake Whatcom from the City’s Gate House facility. The wood-stave intake has provided the 
City excellent service over the years, was inspected and rehabilitated in 2000 and 2002, respectively, and 
has continued to function effectively.  

The purpose of this work is to document the current condition of the intake pipeline, including the 
rehabilitation improvements implemented in 2002, identify repair needs, develop estimated costs for those 
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repairs (if any repair needs are identified), and develop a rehabilitation and inspection strategy.  As is the 
case for each of the key facilities that comprise the City’s water supply system between Lake Whatcom and 
the WTP, there are no redundant facilities for the wood-stave intake pipeline.  As a result, its continued 
reliable service is essential to enabling uninterrupted supply to the City’s customers. 

This report documents the in-water inspection work completed in June of 2014.  A key element of this 
documentation is the dive report prepared by the dive inspection subcontractor for this project, Ballard 
Marine Construction.  The Ballard Marine Construction report that documents their in-water inspection 
activities is presented as Appendix A to this report.  

2. Description of Existing Intake Pipeline 
The wood-stave intake pipeline was constructed in 1939.  It was constructed within the same time frame as 
the adjacent downstream Gate House, tunnel, and Screen House.  These four key facility elements comprise 
the Bellingham’s primary water supply transmission system for both municipal needs as well as industrial 
needs on Bellingham’s waterfront.  The key components of the City’s current water supply system are 
shown in Exhibit 2-1, along with the pipelines that extend from the Screen House to the City’s single 
industrial supply user and to the City’s WTP. 

 
Exhibit 2-1.  City of Bellingham Water Supply Facilities  

Approximately 350 feet of the 1,225 linear feet of wood-stave intake pipeline are buried in the shore of Lake 
Whatcom.  As the water depth becomes deeper, the rest of the intake pipeline is supported on 44 bent 
structures spaced at twenty feet.  The bent structures are comprised of two wood piles, a wood cross 
member, and a concrete saddle that serves as a weight to keep the intake pipeline in place.  Concrete saddle 
weights are also attached to the underside of the pipe half-way between each of the bents (originally by two 
steel rods and more recently by two stainless steel straps). 

The intake to the pipeline is set at a point where the water depth is approximately 40 feet above the lake 
bottom.  This intake is surrounded by a submerged timber crib structure measuring approximately 12.5 feet 
wide by 12.5 feet long and 8 feet tall.  This timber crib serves to keep large debris and objects from entering 
the intake pipeline.  With 9-inch wide openings, it does not prevent fish and smaller debris and objects from 
entering the intake pipeline.  The timber crib structure is shown schematically in Figures 3 through 6 of the 
Ballard Marine Construction dive report included as Appendix A.  
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Detailed description of the existing intake is presented in Appendix B.  This description is excerpted from 
Golder and Associates’ September 2000 report documenting their inspection of the wood-stave intake 
pipeline.  The description addresses that project’s week-long efforts to collect samples, collect video 
documentation, conduct a geophysical investigation of the lake-bottom, and use of a submersible remove-
operated-vehicle (ROV). 

Two drawings of the intake pipeline from the same 2000 condition assessment work by Golder and 
Associates are presented in Appendix C.  On the second of the two drawings, there is a cross section detail 
and a longitudinal section detail, from the original design drawings.  Other than these two section details, 
the original design or as-built drawings for the intake pipeline were not available for this work.  A schematic 
diagram of the intake pipeline, modified from work done by Golder and Associates, is presented in Figure 1.   

3. Description of Prior Work 
The City has inspected and maintained the wood stave intake pipeline at various times over the years since 
it was first installed in 1939.  At the time this memorandum was originally drafted, the only available 
documentation of recent inspection and repair work on the intake pipeline was from 2000 and 2002.  
Reports developed from these timeframes are summarized briefly in the following sections.  The 2000 
report references previous inspection work on the intake pipeline, including: 

• 1984 – Video inspection (partial inspection) 
• 1998 – Video inspection (partial inspection) 
• 1998 – Harza Engineering Company, Intake Report 

These video inspection documents from 1984 and 1998 and intake report from 1998 were not originally 
available for this work.  However, the 1998 Harza Engineering Report was discovered prior to finalizing this 
report.  The 1984 and 1998 videos were not discovered.  The reports from 1998, 2000, and 2002 are 
summarized below. 

3.1 1998 Harza Engineering Intake Report 
The Harza Engineering Report consisted of a detailed review of the video inspections completed in 1984 and 
1998.  Harza Engineering was also apparently provided the original design and as-built drawings for their 
review.  These original drawings appear to no longer be available. 

Key aspects and findings from the Harza Engineering Report worthy of note, include the following: 

• Stainless steel straps were installed prior to 1984, apparently to provide supplemental pipeline banding 
restraint (supplemental to the original carbon steel pipe bands).  It is unclear whether additional 
stainless steel straps were installed after 1984. 

• Some stainless steel straps were installed prior to 1984 to restrain some of the anchor weights that had 
become detached from the intake pipe because their carbon steel restraint rods had corroded.  Note 
that additional stainless steel restraint straps were installed on more anchor weights in 2002. 

• There was no documentation available in 1998 related to the stainless steel straps (When they were 
installed?  Why they were installed?  What design criteria was used for tensioning, spacing, and size of 
the straps?). 

• The spacing of the stainless steel straps on the intake pipeline was not defined.  The report does indicate 
more stainless steel straps installed on the in-shore portion of the pipeline.  

• Harza Engineering noted that the condition of the buried portion of the intake pipeline is not known.  
They expressed concern regarding this portion of the pipeline. 

• Harza Engineering recommended the City consider developing an alternative supply source.       
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3.2 2000 Golder and Associates Investigation Report 
In 2000, Golder Associates Inc. in coordination with Komax International Ltd. and Can-Dive Construction Ltd. 
completed a condition assessment of the intake using commercial divers to inspect the exterior of the pipe, 
and a free-swimming ROV to inspect the interior of the pipe (Engineering Services - Water Intake - For 
Underwater Investigation and Evaluation of Whatcom Lake. Golder Associates Inc. September 2000).  During 
the assessment the divers recorded visual observations of the pipe components, used hammer taps on the 
wood staves to check for soft areas, and cleaned portions of the pipe with intermittent water blasting and 
scraping of the wood exterior to expose the sound wood underneath. 

As part of the assessment, the divers also extracted core samples from the wood staves in order to conduct 
tests on the physical properties of the wood and look for signs of degradation.  In addition, they collected 
samples of corroded metal fittings, screws, and the original carbon steel hoops that were used in the 
construction of the original pipe.  The core samples exhibited the properties of "sound wood" and no clear 
indicators of deterioration were observed.  The metal fittings and hoops however, were severely corroded 
and one of the recommendations of the report was to reinforce much of the pipeline with stainless steel 
straps. 

Some of the other inspection work tasks included a geophysics investigation with bathymetric survey, 
sediment depth readings, and measurements of the pipe alignment in relation to the lake floor and 
shoreline.  These readings were to provide a baseline against which future measurements could be 
compared to evaluate the possibility of settling of shifting of the pipeline.  The interior ROV inspection used 
sonar technology to produce cross-section scans of the inside of the pipe to look for deformation or debris 
accumulation.  No significant deformation or sediment buildup was observed.  The overall condition of the 
pipe from this assessment was good, and the report provided recommendations for minor repairs and 
reinforcing with steel straps, as well as guidelines for long-term inspection and maintenance. 

The report also noted the supplemental stainless steel flat straps that had been installed at some time 
previous to provide restraint supplemental to the original carbon steel hoop rods serving as the primary pipe 
bands.  There is no indication of the spacing of these straps other than to indicate more of them in-shore 
than farther out in the lake. 

3.3 2002 Golder and Associates Design Report 
In early 2002, the findings and recommendations of the 2000 report were used to produce the final design 
report for the underwater repairs project, (Underwater Repairs for the Lake Whatcom Water Intake Pipeline, 
Golder Associates Inc., January 2002).  The report included an alternatives evaluation for implementation of 
the repairs, including reinforcement of the flanged areas, steel strap installation, concrete ballast strapping, 
replacement of missing/broken piles, new ballast mats, and repair of damaged bent support members.  The 
report also included permitting, cost, and schedule analysis as well as technical plans and specifications for 
executing the work. 

This report (Section 3.2) indicated that the approximate spacing of the existing (existing at the time of the 
2002 report) supplemental stainless steel straps was 3.5 feet along the length of the intake pipeline.  The 
stated plan in Section 3.2 was to install three additional stainless steel straps between each pipe bent.  This 
corresponds to roughly 130 new stainless steel straps between each bent.  This was to be in addition to 
installing two new stainless steel straps to restrain concrete anchor weights that were continuing to be 
restrained by the original carbon steel rods that were noted to be corroded. 

3.4 2002 Golder and Associates Construction Report 
In October 2002, Global Diving & Salvage, Inc. performed the underwater repairs and collaborated with 
Golder & Associates to produce a log of the construction activities performed (Summary Report of 
Construction Work for Underwater Repairs for the Lake Whatcom Water Intake Pipeline. Golder Associates 
Inc., October 2002).  As part of the work, the contractor installed several stainless steel straps (leaving the 
carbon steel hoops in place), repaired and installed new timber piles, repaired flanges, installed wear plates 
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at the cable crossing, repaired bents and wedges, trimmed piles, and installed new articulated concrete 
ballast weight mats.  They also installed stainless steel alignment screws at specific locations along the 
pipeline, with the intent that future inspections could verify the alignment of the screws and check for 
settling or shifting.  No additional core samples or internal inspection work was performed as part of the 
construction.  The report included daily construction logs, record drawings, daily construction logs, and 
photographic documentation of the work. 

A key aspect of the construction report is that in Section 2.1 of the report, it indicates that approximately 
176 stainless steel bands were installed.  This number of new bands would appear to indicate that the 
supplemental stainless steel bands indicated in the 2002 design report (3 new SST bands per pipe section 
between bents) were, in fact, installed.  It is understood that approximately 114 new stainless steel bands 
were installed to restrain concrete weights.  There is no indication, however, in the more detailed 
construction summaries in Appendices B and C of the 2002 construction report that these supplemental 
bands were installed.  There is indication in these appendices that approximately 57 concrete weights were 
restrained with two additional stainless steel straps, each. 

4. Summary of Repair Work from 2002 
As the City inspects, monitors, rehabilitates, and maintains the existing wood-stave intake pipeline, and 
documents these activities, it is critical that actual physical improvements implemented be tracked into the 
future.  Rehabilitation improvements must be inspected in regular future condition assessments, so that the 
effectiveness of these rehabilitation approaches can be evaluated for repeat-use on other portions of the 
intake system, or for replacement with other rehabilitation approaches that are more effective.  Over the 
near-term and longer-term future many elements, in particular the metal parts, of the intake pipeline and 
support structure will need rehabilitation and replacement to keep the intake system in a serviceable 
condition. 

The 2000 Golder and Associates report included improvement recommendations for the City to address the 
findings of the 2000 inspection work.  The 2002 Golder and Associates report documents the design and 
contract documents for implementing the recommended improvements.  The 2002 report also included 
evaluation of optional approaches for some of the recommended improvements.  The repair 
recommendations from the 2002 Golder and Associates report, included evaluated approaches not 
implemented, is presented in Appendix D.  Not all of these repair recommendations were implemented as 
originally conceived, but deviations from the original design were relatively minimal.  The 2002 Golder and 
Associates Construction Report from October 7, 2002 documents the work actually completed.  Detailed 
drawings, summary tables, photographs, and daily construction log narratives are included in the 
construction report that thoroughly document the work completed.  A summary table (identified as 
“Appendix C” from the original report) from the October 2002 construction report reflecting work 
completed is included as Appendix E to this report.  

A summary of the improvements actually implemented include: 

• Steel Flange Joints:  Flexible corrosion-protection coating was applied, and the corroding carbon steel 
nuts and bolts were replaced with stainless steel nuts and bolts. 

• Near Shore Transition Area:  The near-shore transition area relates to the 75-foot long area where the 
pipeline transitions from being buried in the lake bottom to being exposed and supported on bents.  The 
improvement approach included adding articulated concrete ballast mats and stainless steel bands. 

• Concrete Ballast Weights:  Where concrete ballast weights under the pipeline were still connected by 
the original steel rods to the pipeline, new stainless steel straps were added to hold these weights and 
keep them from dropping from the underside of the pipe upon failure of the original rods.  At two 
locations in between bents, where original saddle weights were missing (already fallen to the lake 
bottom), articulated concrete ballast mats were placed over the top of the pipe.  Several concrete 
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ballast weights at bent locations were not restrained with stainless steel straps because there was 
insufficient clearance between the weights and the horizontal bent members. 

• New Pile Installation:  New pile was installed at Bent 18.  Sheared pile at Bent 35 was retrofitted with a 
new stainless steel pipe clamp over pile. 

• Bent Repairs:  The tops of near-shore bent piles were cut because they extended to within a few feet of 
the water surface (safety and damage concerns). Other bent repairs were implemented as well as 
several bents, including new bent-support wood and metal hardware, new support saddles, and other 
miscellaneous improvements. 

• Cable Crossing Protection:  Thin, HDPE wear plate material was placed under each cable crossing to 
avoid potential cable wear on the wood staves of the pipeline. 

• Supplemental Stainless Steel Straps:  As described in Section 3 above, it is unclear whether additional 
supplemental stainless steel straps were installed on the pipeline as pipe bands.  The total number of 
stainless steel bands cited in the 2002 Golder construction report as being installed suggests that some 
additional bands were installed.  

These improvements from 2002 were observed during the June 2014 inspection, and the assessment of the 
condition of these improvements is presented in Section 6. 

5. Inspection Approach 
The wood-stave intake pipeline was inspected over the course of three days beginning on June 24, 2014.  
The exterior of the intake pipeline was inspected on June 24 and 25.  And, approximately 400 linear feet of 
the interior of the pipeline was inspected on June 26 from the on-shore Gate House.  Access into the intake 
pipeline was via the Gate House wet well. 

Ballard Marine Construction conducted the underwater dive inspection as a subcontractor to CH2M HILL.  
CH2M HILL’s condition assessment lead was present during the inspection along with the City of 
Bellingham’s water treatment plant operations lead to provide direction to the Ballard Marine Construction 
dive team.  City and CH2M HILL staff observed from Ballard Marine Construction’s dive boat.  Ballard Marine 
Construction prepared a dive inspection report, which as referenced above, is included as Appendix A to this 
report.  The underwater dive was also documented on video.  

Specifically, the scope of the inspection work included:  

• External components of the intake in an offshore-to-inshore direction, beginning at the intake crib. The 
inspection included the wood stave surface, carbon steel bands, hardware, stainless steel straps, pile 
bents, cross and support braces, and ballast weights.  Special attention was given to the condition of the 
carbon steel fittings and carbon steel hardware. 

• Soundness testing with a hammer along the pipe's external surface.  

• Intermittent water blasting to expose the condition of the pipe, fittings, and hardware. 

• A hydraulic drill and hole saw to take two wood stave pipe core samples.  The voids left by the core 
samples were plugged with 2" mechanical plugs. 

• Recovered broken carbon steel bands for further inspection. 

• Measured sediment depth, pipe-to-pile, and pipe-to-sediment at each bent to check for shifting from 
prior inspection in 2000. 

• Visually inspected and photographed the cable crossing. 
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• Visually inspected the internal components of the wood stave intake pipe, beginning from the Gate 
House entrance to a distance of 400 linear feet.  Special attention was given to the internal flanges, 
fittings, and biological growth.  

• Performed soundness taps and wood scraping to assess the condition of the internal wood staves. 

• Intermittently took internal horizontal and vertical measurements to check for intake deformation.  

6. Summary of Field Observations 
Details of the inspection findings are presented in the Ballard Marine Construction report in Appendix A.  
These field observations are further summarized in the table in Appendix F.  Summaries are presented in the 
following sections of these main elements of the intake system: 

1. Wood 
2. Metal bands 
3. Metal fasteners 
4. Pipe flange Joints  
5. Concrete weights 
6. Pipe deformation 
7. Cable crossings 
8. Stainless Steel Bent Repair Materials 
9. Pipe Plugs 
10. Timber crib  
11. Biological growth 
12. Buried Pipe  
 

6.1 Wood 
All wood components of the intake structure were observed by the diving team.  Periodically, the soundness 
of the wood was checked by wrapping with a hammer.  A thin layer of soft wood was observed.  No signs of 
wood rot or significant deterioration was found on any of the crib structure, bent pile components, or wood 
staves.   

Two core samples were removed from the wood stave pipe – one near Bent 22 and one near Bent 44.  The 
samples were found to have a thin, soft layer on the external surface (less than ¼-inch), but the remaining 
portion of the wood was hard with no other signs of deterioration.  A laboratory analysis of the core samples 
was performed to evaluate the physical strength of the wood.  The results of this work is summarized later 
in this report. 

6.2 Metal Bands 
Metal bands refer to the steel elements that are wrapped around the wood-stave pipe to hold the pipe 
together.  These elements are comprised of round carbon steel rods that were installed on the original 
wood-stave pipeline at 6-inch intervals along the length of the pipeline and stainless steel straps that were 
installed at some time prior to 1999. 

6.2.1 Original Steel Rods 
The 2000 Golder and Associates reports identified carbon steel bands or rods (‘hoops’) at approximate 6-
inch spacing along the full length of the pipe.  This approximate 6-inch spacing was confirmed by the diving 
team during this inspection. 

The carbon steel hoops consist of a 5/8-inch diameter rod with a button head on one end and threads on 
the other.  Metal “shoes” are used to join the bands and allow them to be tightened and cinched tight 
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around the wood stave pipe.  Each individual full circumference hoop consists of two half circular rods with 
connecting shoes.   

The carbon steel hoops are subject to corrosion, and very heavy corrosion products were observed on all of 
the carbon steel hoop components (rods, shoes, and nuts).  The corrosion products were removed from a 
typical intact retaining rod by high pressure water jetting.  The shoe was found to be severely corroded, 
while the threaded portion of the rod and the nut had some remaining thickness (see Photograph No. 14 in 
the Ballard Marine Construction report in Appendix A).   

Three pieces of broken rods that were recovered from the pipe, which still appearing to be attached and 
connected around the circumference of the pipe, exhibited excessive thinning, which resulted in actual 
failure of the hoops at some time in the past, as reflected in Photograph No. 1.  What is important from this 
information is not only that the original rods holding the wood-stave pipe together are in an active, 
advanced state of corrosion, but likely many of the rods that appear to still be holding the pipe together are 
actually already broken at some point, and are only hanging on the pipe. 

 

Overall, 13 of these hoop rods were observed to be missing or broken during the 2000 inspection.  An 
additional 8 broken or missing hoops were observed during this inspection.  Whether these were additional 
to the 13 observed in 2000 or some of the same is not clear, and is also not critical information.  As stated 
above, additional hoops are likely already broken or very near failure, but were not observed as such 
because they are still intact around the pipe.  Some failed hoops may be held in place only by corrosion 
products.  The original steel rods should be considered to be entirely or nearly entirely at failure and in need 
of replacement.  The subject of how these should be replaced is presented in Section 8. 

Photograph No. 1 – Failure of Original Pipe Band 
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6.2.2 Supplemental Stainless Steel Straps 
The 2000 Golder and Associate reports also identified flat stainless steel straps around the pipe at regular 
locations along the full length of the pipe.  The stainless steel straps are ¾-inch wide and appear to be 
austenitic stainless steel, based on previous tests and observations by Golder and Associates.  Austenitic 
stainless steel refers to the 300-series of stainless steel, which has excellent corrosion-resistant properties.  
The two most common types of 300-series stainless steel used are 304 and 316.  Presumably the 
supplemental stainless steel straps at 3.5-foot intervals (as reported in the 2000 Golder and Associates 
inspection report) along the length of the pipeline is either 304 or 316. 

The installation date of these stainless steel straps is unknown beyond the fact that it pre-dates 2000 and a 
referenced March 22, 1999 Harza report (referenced in Section 1 of the 2000 Golder and Associates report).  
One band near the crib exhibited surface corrosion.  Some straps had a slight discoloration, but most of the 
stainless steel straps were bright and shiny under a thin layer of silt deposit.  None of the stainless steel 
straps exhibited signs of significant deterioration and all of the straps of the pipe appeared to be intact and 
tight. 

While additional 316 stainless steel straps were used in the 2002 repairs to support concrete ballast weights 
(discussed below), it is unclear whether additional such straps were installed in 2002 for supplemental 
support of the wood-stave intake pipeline.  That stated, the spacing observed during the June 2014 dive 
inspection appears to be approximately 2 feet along the length of the intake pipeline, not the 3.5-foot 
interval reported in the 2000 Golder and Associates inspection report.  This reduced-spacing suggests that 
additional straps were installed in 2002.  But, there is variation in the spacing of the stainless steel straps, as 
observed in the June 2014 inspection.  The interval is not consistent along the length of the pipeline, and 
appears to be somewhere between a minimum of 2 feet and a maximum of 3.5 feet. 

6.3 Metal Fasteners 
Wood components at the crib and pipe support bents are connected with metal fasteners. These metal 
fasteners are comprised of threaded carbon steel rod and nuts or carbon steel nuts and bolts. Heavy 
corrosion products were observed on the exposed surfaces of the steel fasteners, and it appeared that the 
corrosion products were heavier on metal components located further offshore.   

When the corrosion products were removed by the divers, the flats on the nuts and bolt heads were still 
discernable, as were the hardware threads.  This is consistent with previous observations and tests by 
Golder and Associates, in which a bolt removed from Bent #37 was observed and tested and found to be in 
serviceable condition.   

6.4 Pipe Flange Joints 
There are two carbon steel pipe flange joints installed as part of the original intake design and construction.  
Their primary purpose appears to be to enable a change of slope in the intake pipe at these two locations.  
These two pipe flanges are between Bents No. 40 and 41 and between Bents No. 27 and 28. 

The exterior surfaces of the metal flanges were found to be corroded by Golder and Associates in the year 
2000 project.  The metal flanges were cleaned and coated with a petroleum wax tape, and the fasteners 
were replaced with stainless steel bolts and nuts.  Stainless steel straps were installed over the wax tape at 
terminations on each side of the joint to secure it to the pipe. 

The petroleum wax tape was found to be generally intact. However, some of the stainless steel bolts were 
protruding through the tape and some of the tape appeared to slightly dislodged and no longer in contact 
with the metal surface of the flange.  The reinforcing fabric of the tape also appeared to contain less wax 
than would be expected. 

A portion of the tape was gently pulled back by the divers to allow visual examination of the metal surfaces 
of the flange.  The stainless steel bolts were found to be in excellent condition.  The carbon steel surface of 
the flange exhibited some rust formation, but did not appear to be substantially more corroded than 
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previously observed in 2000, as presented in Photograph No. 24 from the June 2014 inspection in the 
Ballard Marine Report in Appendix A). The tape was placed back in its original position after the 
observations were made. 

The condition of deteriorated welds observed in the 2000 work were not observed by divers during this 
inspection, since it was not possible to remove the wax tape from these areas without cutting or damaging 
the tape.  The wax tape is in fair condition with bolts, nuts, and portions of the joint flanges protruding.  The 
wax tape protective coating should be replaced to continue protection of the flange joints. 

Stainless steel alignment screws were installed on each side of the flanged joint.  These screws were still 
aligned, indicating no movement of the joint has occurred since the screws were installed in 2002. 

6.5 Concrete Weights 
Ballast weights are installed along the full length of the intake pipeline.  Generally, the ballast weights 
consist of a concrete block attached to the pipeline at each bent and one concrete block attached to the 
pipeline approximately mid-way between bents.  The majority of the concrete blocks were secured to the 
pipeline with two stainless steel straps (316 stainless steel, per the 2002 Golder and Associates design 
specifications), which were installed as part of the 2002 repair project.  All of the stainless steel straps 
securing concrete weights were intact. 

Stainless steel straps were not observed around twelve of the concrete weights at the bents.  According to 
the Golder and Associates reports, the concrete weights were resting on the wood cross beams under the 
pipe at these locations.  There was insufficient gap between the bottom of the concrete weight and the top 
of the wood beam to allow placement of stainless steel straps.  The original steel rod hoops supporting 
these weights appeared, in some cases, to be intact, but in others it was not clear whether the rods were 
broken at some point around the pipeline.  These steel rods are at or near the end of their service life and 
their connection to the concrete weights should be considered only temporary, at most. 

Articulated concrete ballast mats were installed near the transition area (approximately 75 feet of intake 
pipeline length) where the intake pipe goes from being fully-buried to being exposed and supported on 
bents.  It appears that these mats were installed to provide supplemental restraint to the pipe in the event 
that the carbon steel hoops fail.  Articulated concrete mats were also placed over the pipe near Bents 27 
and 29 to replace a missing weights. All of the articulated concrete ballast mats were found to be intact and 
in very good condition. 

The 2002 Golder and Associates design report recommended installation of stainless steel straps in 75-foot 
long transition area, in addition to the ballast mats installed.  They recommended pulling these straps under 
the pipe, where the pipe is partially buried, by attaching the straps to the original carbon steel rods, and 
pulling the carbon steel rods from the opposite side of the pipe.  However, the stainless steel replacement 
straps were not observed in this transition area.  Stainless steel straps in this area are also not indicated 
anywhere in the 2002 Golder and Associates construction summary report.  Therefore, it is assumed, that 
this replacement did not occur.  The reason the stainless straps were not installed in this transitional area is 
not clear, but it is presumed that the approached described in the 2002 design report was subsequently 
determined to be not feasible.  The need for re-banding of this transition portion of the intake pipe is similar 
to the need to address the buried portion of the intake pipeline.  Refer to Section 8.5 for discussion of 
alternative approaches to address the buried portion of the intake pipeline. 

6.6 Pipe Deformation 
During the internal inspection, the divers made manual horizontal and vertical measurements of the pipe 
diameter to check for deformation up to 400 feet from the Gate House.  No measurable deviation from the 
original round configuration of the pipe was observed.  The pipeline does not appear to be experiencing any 
deformation in this buried section.  No such measurements were collected for the unburied portion of the 
intake pipeline, but no obvious pipe deformation was observed. 
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6.7 Cable Crossings 
The intake pipeline is crossed by four underwater cables.  Three of these cables pass over the top of the pipe 
and one crosses underneath.  High density polyethylene (HDPE) pads were secured to the pipe under the 
cables that cross over the top of the pipe to reduce the potential for abrasion and wear of the wood by 
cable movement.  Two of the three cables were found centered on the wearing pads.  The third cable, a 2-
inch cable just off-shore of Bent 23, was not on the wearing pad.  It was pried back onto the pad by the 
divers.  There was no damage to the pipeline from this “wayward” cable.  The City should consider 
restraining this cable if it is found to be off its pad in future inspections. 

6.8 Stainless Steel Bent Repair Materials 
Repairs were made to components of Bent 35 where the south pile was broken.  Repair materials included a 
two-piece Type 304 stainless steel pile clamp with stainless steel hardware.  All of the stainless steel 
components were found to be in good condition.  

6.9 Pipe Plugs 
Pipe plugs were previously installed during the 2000 inspection at six locations where core samples of the 
wood stave pipe were collected.  All of the pipe plugs were in place and tight. 

6.10 Timber Crib 
The timber crib structure is shown in Figures 3 through 6 of the Ballard Marine Construction Report in 
Appendix A.  The condition of the beams comprising this structure appeared to generally be good with no 
signs of significant rot or deterioration.  The carbon steel nuts and bolts were heavily corroded, as observed 
in other locations on the intake.  However, the corrosion products on these fasteners appear to be heavier 
than those at other locations, particularly closer to shore. The actual condition of these fasteners is 
uncertain.  No samples were collected for observation and testing. 

6.11 Biological Growth 
Although much sediment and settled organic material (likely algae) was observed on the exterior of the 
intake pipe and timber crib, negligible biological growth was observed to be adhered to these wood 
surfaces.  However, on the interior of the intake pipeline, sponge-like growth was observed in spot locations 
evenly throughout the 400 linear feet from the Gate House that was inspected.  It is known that in some 
cases, sponges can develop of a micro-habitat between the sponge and the wood that facilitates the growth 
of bacteria and fungi.  However, this is generally not known to be a major source of wood degradation.  In 
the case of the 2014 inspection, hammer taps by the diver on the sponge-covered areas indicated that the 
underlying wood remains sound. 

6.12 Buried Pipe 
Soil corrosivity measurements were made to estimate the potential for corrosion of the original carbon steel 
hoop rod hoops where the pipe is buried in the lake bottom near the lake shore and on shore near the Gate 
House.  Soil resistivity in this area was measured by the Wenner 4-pin method at depths of 2.5, 5, 7.5, 10 
and 15 foot depths.  The test results indicate the soil resistivity ranges from 4,400 to 9,100 ohm-cm.  Soil in 
this resistivity range indicates the soil is moderately corrosive.  However, lack of oxygen in the buried 
condition will tend to decrease corrosion rates below what would be observed in the underwater, exposed 
lake condition. 

Despite the lack of available oxygen, based on the moderate corrosivity of the soil, it can be assumed that 
the buried metals, including the pipe hoop rods, will have corroded to some degree – likely somewhat less 
than what has been observed in the underwater, exposed lake condition.  However, this assertion would 
need to be confirmed by direct inspection of a portion of the buried metal hoop rods. 
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Inspecting the buried metal hoop rods could be undertaken in one or more spot locations.  Conducting such 
a direct inspection will present challenges related to groundwater, but would have high value because the 
rate of corrosion of the buried metal hoop rods can be expected to be relatively consistent throughout.  The 
reason for this relatively consistent rate of corrosion is that the pipe is in a consistently-submerged 
condition lacking oxygen.  If direct inspection of the metal hoop rods can be achieved, it will provide a 
minimum level of supporting data to inform whether or not an improvement approach is necessary for the 
buried portion of the intake pipeline is necessary.   

7. Laboratory Analyses 
Laboratory analyses (strength tests) were conducted on two core samples taken from the wood stave pipe.  
These samples were taken at bent numbers 20 and 44 of the intake pipeline.  Laboratory analysis was also 
completed on a single, isolated unknown concretion that was observed during the interior inspection of the 
wood-stave pipeline at approximately 20 linear feet from the Gate House.  The results of these analyses is 
presented in the following sections. 

7.1 Wood Strength Test Results 
The two samples were tested by Dr. Mark Tuttle, PhD, professor of Mechanical Engineering at the University 
of Washington. Coincidentally, Dr. Tuttle also strength-tested core samples of the wood-stave pipeline that 
were collected during the inspection in 2000. 

The wood that comprises the wood staves of the intake pipeline was identified as western red cedar by the 
University of Washington, College of Forest Resources staff per the report dated January 30, 2000 included 
as Appendix G.  This identification was not duplicated, nor confirmed for the analyses completed in 2014.  
Biological and strength laboratory analyses from the 2000 Golder and Associates inspection of the intake 
pipeline is also included in Appendix G.  The strength testing results presented in the 2000 report indicate 
that the wood staves were in good condition at the time of inspection. 

After reviewing the results from the 2000 testing, it was determined that the same compressive strength 
testing would be completed on the core samples collected in June 2014.  Elasticity values were also 
developed.  Biological testing was not completed for this work given that the condition of the wood was 
observed from June 2014 dive to be good.  A report summarizing the results of the strength testing on the 
2014 core samples is presented in Appendix H.  Future biological testing may be warranted, but only if there 
is a marked degradation in the condition of the wood, as evidenced by future inspection and strength 
testing. 

The results of the strength testing from the 2014 laboratory analyses are presented in Table 1. 

TABLE 1 
Laboratory Strength Testing of Intake Pipe Wood 

Sample Location 
Compressive Strength Perpendicular to 

Grain at 0.1-inch Deflection (psi) Modulus of Elasticity (psi) 

Bent 20, north side, 2:00 position, facing 
downstream 306 11,900 

Bent 44, north side, 2:00 position, facing 
downstream, 6” below mud-line 366 15,200 

Notes: 
1)  According to the United States Department of Agriculture’s Wood Engineering Handbook, Table 5-3b, typical compressive 
strength values (perpendicular to grain at 0.1-inch deflection) = 460 for dry wood and 240 for “green” (wet) wood. 
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The compressive strength testing presented in Table 1 was completed, not only to duplicate the testing 
conducted in 2000, but also because the compressive strength values could be compared with “typical” 
wood values as a reference to assess the relative condition of the wood staves of the intake pipeline.  The 
two core samples collected in June 2014 had compressive strengths greater than what is typically reported 
for “green” (wet) western red cedar in the current (2010) Wood Engineering Handbook (see Note 1 in Table 
1 for reference).  The saturated core samples collected more closely compare to “green” wood than dry 
wood with a moisture content of 12 percent.  As such, based on these two samples, the wood staves that 
comprise the intake pipeline appear to generally be in good condition given they still have compressive 
strength greater than typical green wood values. 

The compressive strength results from 2014 are somewhat less than those from the core samples collected 
in 2000.  The reason for this difference is not clear, but is not a concern.  Multiple factors could account for 
this difference, including material saturation, variability in wood properties, and variability in laboratory 
equipment and analysis procedures.  Note that the 2000 core samples were held for 54 days prior to testing 
whereas the 2014 core samples were held for 26 days.  The difference could include loss of saturation, 
which could explain the higher strength values from the 2000 testing.  However, what is clear is that the 
strength properties of the wood staves remains high – higher than typical values for western red cedar – and 
these results reflect the continued good condition of the wood. 

7.2 Isolated, Unknown Concretion 
At a distance of approximately 20 linear feet from the Gate House (10:00 position looking upstream 
[incorrectly reported as 8:00 position in the Ballard Marine Construction report]), an unknown concretion 
was observed during the internal inspection of the intake pipeline.  This object is shown in Photograph No. 
40 near the end of the Ballard Marine Construction report in Appendix A.  A sample of this object was 
collected for laboratory analysis to aid its identification.  The primary concern with this unknown material 
was whether or not it is organic, and therefore, contributing to decay of the wood staves comprising the 
intake pipeline. 

The results of the laboratory analysis are presented in Appendix I.  These results reflect testing of the main 
concretion and the biological growth covering the concretion – the same biological growth covering the 
entire inside of the pipeline. 

The main, hard material tested was determined to be primarily calcium carbonate and silica – as indicated in 
the footnote of Appendix I.  These two compounds are the chief components in cement.  The high aluminum 
content indicates it could also be a bauxite material.  It is possible that this material could be the formation 
of a plug that was intended to cover a hole in the wood intake pipeline from the surface at this location, 
which is still on shore. 

8. Metal Band Structural Analysis 
The hoop rods (typically referred to as “bands”) around a wood stave pipe are one of the most critical 
elements of this type of pipe.  The hoop rods keep the wood staves in tight compression.  Loss of this 
compression and the potential loss of a single wood stave could result in total loss of the pipe structure. 

8.1 Original Design Strength 
The City’s existing Lake Whatcom wood-stave pipeline was constructed using 5/8” carbon steel hoop rods at 
a 6-inch spacing.  Carbon steel from the 1930s is known to commonly have had a tensile strength of 55 to 65 
kips per square inch (ksi). 

Considering this original design and discounting any of the stainless steel straps that were put in 
subsequently as a rehabilitation improvement, the tensile hoop strength of the original carbon steel rods at 
the time of construction can be calculated using the equation below: 
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𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ �𝑙𝑙𝑙𝑙𝑙𝑙 𝐿𝐿𝐿𝐿� �

=
�𝐶𝐶𝑠𝑠𝐻𝐻𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐻𝐻𝑠𝑠𝑠𝑠𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝐻𝐻𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙 (𝑠𝑠𝑠𝑠2)� × �𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑙𝑙𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ �𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠2� ��

�𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑠𝑠𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝐿𝐿𝐿𝐿)�
 

Using this equation the original design and construction included hoop strength per linear foot along the 
length of the intake pipeline of 36,800 lbf/LF. 

8.2 Common Design Criteria 
While the use of wood-stave pipe was more common in the distant past than today, criteria for its design 
and construction was not as standardized as that for commonly-used pipe materials today.  That stated, 
there is some documentation of wood-stave pipe design criteria.  One such document is a 1918 American 
Society of Civil Engineers (ASCE) publication entitled: Modern Practice in Wood Stave Pipe Design and 
Suggestions for Standard Specifications.  In this document carbon steel hoop rods for a 72-inch diameter 
wood-stave pipe document, the following parameters are listed for similar 72-inch pipe. 

• 5/8-inch rods at 8-inch spacing 
• ¾-inch rods at 10-inch spacing 
• 55 to 65 ksi tensile strength 

Using the equation presented in Section 8.1, the hoop strength can calculated as 25,300 to 34,500 lbf/LF 
depending on the rod diameter and spacing.  These values are somewhat less than the design employed for 
the City’s wood-stave intake pipeline, but they are within the same order of magnitude. 

Given the lack of standardization of wood-stave pipe design, the relatively small community of engineers 
practiced in wood stave pipe projects, the wide geographic variation in available timber materials, the 
geographic distribution of design approaches, much of wood-stave pipeline design was heavily influenced by 
the experience and judgment of the local designer.  Considering these factors, it is reasonable to conclude 
that the original intake was designed following appropriate design guidance and practices of the time.   

8.3 Existing Supplemental Stainless Steel Straps 
As described above, supplemental stainless steel straps were added at some time in the past to mitigate the 
corrosion and loss of strength of the original 5/8” carbon steel hoop rods.  The stainless steel straps are ¾” 
by 0.030” and are 316 stainless steel.  While precise spacing of the straps is unclear, as described in Section 
6.2.2, for the purpose of this exercise, the spacing is assumed to be 2 feet along the length of the pipe.  The 
tensile strength of the bands are assumed to be approximately 75 ksi based on typical stainless steel tensile 
strength. 

Using the same tensile strength equation cited above for these stainless steel bands, the hoop strength they 
impart to the pipe can be calculated as 844 lbf/LF.  This amount of strength is only a fraction (2.3%) of the 
strength imparted per the original design.  Given the condition of the carbon steel hoop rods, it can be 
assumed the combined hoop strength of the original carbon steel rods is either negligible or soon to be 
negligible because of eventual failure.  Therefore, the loss of confining pressure on the wood staves from 
the original design condition to the current condition is very concerning. 

8.4 Approach to Replacement of Original Hoop Rods 
As stated above, there is minimal published design criteria for wood stave pipe.  While implementation of 
wood-stave pipeline design and construction remains an approach that is employed in applications for which 
it is best suited, its overall use with respect to other pipeline materials is relatively uncommon.  As a result, 
there is no readily-available recent published design criteria for wood-stave pipelines.  The available 
published design criteria for wood-stave pipe, in particular for the hoop rods, are those cited in Section 8.2. 
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In addition to these design criteria resources, there remains the knowledge and experience of the 
technologists that continue to implement wood-stave pipeline design and construction.  Two companies 
that continue to engage in wood-stave pipeline design, construction, and rehabilitation are International 
Wood Pipe and Tank Company in Portland, Oregon and the Canbar Division of Goodfellow, Inc. in Waterloo, 
Ontario, Canada.  These two companies rehabilitate wood-stave pipeline with respect to the replacement of 
pipe bands on a band-per-band basis using the same size replacement band (and type) as the original band.  
Neither company uses or recommends use of flat straps as pipe bands in lieu of larger-diameter bended rod. 
There is no way to assess the adequacy of the supplemental stainless steel straps with respect to 
maintaining the integrity of the intake pipeline.  What is clear is that the use of such flat-strap banding is not 
a rehabilitation approach deemed adequate by the remaining wood-stave pipeline specialty firms. 

If this band-per-band approach were taken for replacement of the original 5/8-inch carbon steel hoop rod 
bands, approximately 1,600 new stainless steel or carbon steel hoop rod bands would be necessary.  This 
approach is based on the assumption that the restraining force imparted by the existing stainless steel flat 
straps that were put on at some time prior to 1999 is negligible.  Given that the stainless steel straps are 
only imparting 2.3% of the strength of the original carbon steel hoop rods, it makes sense to avoid 
accounting any beneficial service from their installation.  Furthermore, due to the nature of the clamping 
mechanism used to cinch the straps, it is not clear whether or not they were tightened to impart the 
necessary restraining force or if the clamps can practically maintain the necessary tension. 

One thing to consider is whether it is necessary to install as many as 1,600 new steel hoop rods on a pipe 
that has no internal or external pressure.  Band spacing and size design criteria is somewhat dependent on 
the internal pressure of the contained fluid, but it is also dependent on the potential for impact forces such 
as waves, boat anchors, seismic, and any other forces that might serve to deform the pipe.  Deformation of 
the pipe shape can lead to irreversible collapse of the pipe and complete loss of its functionality.  An 
engineering assessment of the potential options and opportunities to reduce the number of new steel hoop 
rod bands could be undertaken during a subsequent evaluation of design criteria options for rehabilitating 
the wood-stave intake pipeline. 

However, for the purpose of this evaluation and the estimated costs presented in Section 9, it is assumed 
that approximately 1,200 new hoop rod bands would be necessary for an effective rehabilitation of the 
wood-stave intake pipeline.  Estimated costs for both 316 stainless steel hoop rod bands and carbon steel 
bands were developed to bracket the range of potential capital costs.  The stainless steel approach comes 
with a higher cost but a much greater life expectancy for the bands.  Pursuing the carbon steel approach is 
based on a recognition that the overall longevity of the intake pipeline may be only 30 to 50 more years. 

For the buried portion of the pipeline, whether or not replacement of the bands is necessary is not known.  
However, options for band replacement in this area or other mitigation options for addressing corrosion of 
the metal bands in this area should be addressed to aid selection of a path forward for this portion of the 
intake pipeline.  These issues are addressed in Section 8.5. 

8.5 Metal Bands in the Buried Portion of the Intake Pipeline 
As stated above in Section 6.12, the buried bands are presumably in a lesser state of corrosion than the 
underwater bands, but that the actual extent of corrosion cannot be confirmed without direct inspection.  
Similar to what could happen with the exposed, submerged portion of the wood-stave intake pipeline, 
failure of the metal bands could result in failure by collapse of the buried portion of the wood-stave intake 
pipeline. 

Also, as stated in Section 6.12, consideration of excavating one or more locations of the buried portion of 
the intake pipeline should be considered to assess the condition of the metal bands in this portion of the 
intake pipeline.  It should also be noted that pipe diameter measurements were collected within the buried 
portion of the intake pipeline.  These measurements showed no deformation of the pipe or dislodgment of 
the wood staves in the buried portion of the pipeline.   
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Excavating buried wood-stave pipelines and replacing bands has been completed for shallow-bury pipelines 
in dry-trench conditions in rural settings.  Such rehabilitation approaches, however, are understood to be 
uncommon and mostly have occurred in the distant past.  Such rehabilitation of the City’s 72-inch wood-
stave intake pipeline is not feasible given that it is buried partly in the lake bottom and partly below the high 
water table of the lake shore.  As a result, if rehabilitation of the buried portion of the intake pipeline is 
deemed warranted, other approaches would be necessary. 

These other rehabilitation approaches would be challenging, but possible to implement.  One approach 
would be to slip-line the buried portion with a smaller-diameter high density polyethylene or fiberglass-
reinforced pipeline.  Another approach would be to install multiple structural support sleeves along the 
length of the buried portion of the pipeline.  A third approach would be to pro-actively replace the buried 
portion of the intake pipeline – in its current alignment – via open-cut trench methods. 

Prior to consideration of these rehabilitation approaches, inspection of a portion of the metal banding in the 
buried portion of the pipeline should be completed.  Even more important than the metal banding 
inspection is the continued rapid development of an alternative, backup, emergency source of supply – as is 
currently being pursued by the City.  Evaluation of rehabilitation approaches for the buried portion of the 
intake pipeline, and whether or not to implement any rehabilitation on this portion of the pipeline, in the 
context of the urgent pursuit of the alternative, backup, emergency supply.  

9. Estimated Capital Cost 
The estimated initial capital cost for improvements recommended for implementation are presented in 
Table 2.  These improvements include: 

• Replace Original Hoop Rods (with new SST pipe bands)  
• Install New Concrete Ballast Weights 
• Replace Wax Tape on Steel Flange Joints 
 
The pipe band materials cost presented in Table 2 is based on the use of 5/8-inch 316 stainless steel bands.  
Using 5/8-inch carbon steel bands would cut the materials cost of the bands approximately by half.  This 
change would save approximately $200,000 off the total project cost presented in Table 2.  These estimated 
costs were developed to the “concept level” or “Class 5” level of accuracy as defined by the Association for 
the Advancement of Cost Engineering International (AACEI). This level of cost estimating is considered 
accurate to +50 to -30 percent. 

These estimated costs were prepared for guidance in project budgeting and in evaluating which phasing and 
configuration alternative to pursue based on information available at the time of the estimate.  The final 
cost of the project will depend upon the actual labor and material costs, competitive market conditions, 
implementation schedule, and other variable factors.  As a result, the final project costs will vary from the 
estimates presented herein.  Because of this variation, project feasibility and funding needs must be 
carefully reviewed prior to making specific financial decisions. 
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TABLE 2 
Summary of Estimated Initial Capital Costs for Intake Pipeline Improvements 

Project Element Cost 

Construction Costs:     
Mobilization & demobilization $87,000 

Installation of New SST Pipe Bands  

     Materials $312,000 

     Installation $338,000 

Installation of New Concrete Ballast Weights $154,000 

Replace Wax Tape on Steel Flange Joints $49,000 

CONSTRUCTION SUBTOTAL $940,000 

Construction w/ Contingency (30%) $1,222,000 

Construction w/ Escalation to June 2016 (7.1%) $1,309,000 

Construction w/ Sales Tax (8.7%) $1,423,000 

Non-Construction Costs:     
Permitting Allowance $50,000 

Engineering and Construction Management1 $327,000 

TOTAL $1,800,000 

Notes:  
1 Engineering and Construction Management costs estimated as 25 percent of construction subtotal with sales tax. 

10. Recommendations 
The existing wood-stave intake system is in relatively good overall condition, considering that it has been in 
service for approximately 75 years.  In general, the wood is in good condition.  Under constant immersion in 
a fresh water lake it is anticipated that the wood elements will provide many more years of the service.  The 
fasteners connecting the wood bent components and the timber crib elements appear to have several years 
of remaining service life as well, based on observations from the June 2014 inspection as well as previous 
testing by Golder and Associates from 2000.  However, corrosion product on the exposed portions of 
fasteners indicate eventual deterioration of these metals is likely and should be anticipated at some point in 
the future. 

The original carbon steel hoop rods and connecting shoes are at or very near the end of their service life.  
While some portion of the original tensile strength of these hoops remains, quantifying this remaining 
strength is difficult, impractical, and subject to error.  Correspondingly, assessing the point in time after 
which there is insufficient tension on the pipe via the pipe bands, is not possible.  However, what is clear is 
that at some point, all of the strength of theses rods will be gone.  Replacement of the confining strength 
function these hoops provide is necessary and should be completed as soon as practical, while the 
opportunity to rehabilitate the intake pipe remains.  Should the intake pipe suffer a full or partial collapse 
because of insufficient pipe banding, it will not be possible to rehabilitate the pipe (it will need to be 
replaced).  Re-banding of the intake pipe should be undertaken as soon as the City has re-established 
emergency, backup use of its old supply currently serving the fish hatchery adjacent to the Screen House, 
and made the repairs to the Screen House that it is currently planning.  

While the existing wood-stave intake system remains useful and in relatively good condition, preserving this 
usable condition for the long-term  will require regular monitoring, inspection, analysis, improvements, and 
replacement, or supplement of key elements.  The actions necessary to preserve the existing wood-stave 
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intake system should be considered in the context of the cost and challenge associated with a potential new 
intake system in the event the existing system cannot perform effectively. 

Additionally, as mentioned above, the City should continue expedited pursuit of developing its old 
(approximately 100 years old) Lake Whatcom supply system as an emergency, backup supply and make this 
pursuit among its highest priorities.  This old supply system includes an existing wood-stave intake pipeline 
that extends off-shore from Donovan-Bloedel Park and a combination of brick-lined tunnel and concrete-
encased steel pipe that connects Donovan-Bloedel Park with the Washington State Department of Fish and 
Wildlife hatchery adjacent to the Screen House.  Development of this old system as an emergency, backup 
supply is necessary for the following reasons: 

• While the existing wood-stave pipeline is in relatively good condition with respect to many of its 
component elements, given its age and need for rehabilitation, its continued use comes with some level 
of risk.  The consequence to the City’s supply of failure of the intake pipeline is great if there is not an 
alternative means of conveying Lake Whatcom supply to the City’s WTP. 

• The known rehabilitation improvement of the steel pipelines at the City’s Screen House cannot be 
implemented without development of the City’s old supply as an emergency, backup supply.  This 
rehabilitation is understood to be among the City’s highest priorities and continued rapid, expedited 
pursuit of this improvement should be pursued.  Delay of development of the City’s old supply and 
implementing the pipeline rehabilitation at the Screen House places the City at substantial risk of supply 
disruption if one or all of the three steel pipelines fails. 

• The tunnel between the Gate House and Screen House is the only means of conveying water between 
Lake Whatcom and the City’s WTP.  While this tunnel is not known to be in danger of failure or collapse, 
the consequence of failure or collapse is great – disrupting the entire water supply to the City.  

While it is important for the City to implement the specific improvement recommendations listed below, the 
City should pursue development of its old supply as an equal or higher priority.  It should consider 
development of this old supply as an emergency, backup supply prior to undertaking any improvements to 
the intake pipeline. 

A summary of key observations from the June 2014 inspection dive and recommendations for rehabilitation, 
and further inspection, is presented in Figure 2.  The following specific rehabilitation actions are 
recommended for implementation as soon as practical: 

• Replace Original Hoop Rods:  As presented in Section 8, replace the strength function of the original 
hoop rods with new stainless steel rods as soon as practical.  This rehabilitation is top priority for 
maintaining the existing intake system.   

• Concrete Ballast Weights:  Install articulated ballast mats at the twelve locations where the original 
concrete ballast weights are either no longer connected to the pipeline or are soon to be disconnected 
via corrosion of the original steel rods.  Since it is not possible to connect these ballast weights via the 
dual stainless steel strap method used in 2002, the articulated ballast mats will serve as an excellent 
replacement.  These ballast mats should be placed on both sides of the bent structure where the ballast 
weights are being replaced. 

• Steel Flange Joints:  The wax tape on the steel flanges is in fair condition and in need of replacement 
soon.  It should be removed and replaced at the same time as the addition of the new stainless steel 
straps described above.  When the tape is removed, the steel flanges should be closely inspected to 
determine if corrosion has progressed since what was observed in 2000.  The condition of the welds 
should also be observed and documented.  After the metal flanges are inspected, they should be 
cleaned with high pressure water to remove surface corrosion and contaminants and re-wrapped with 
wax tape.  If the condition of these flange joints has deteriorated substantially since 2000, a repair 
approach for these joints should be developed and implemented at a subsequent time. 
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The following two inspection activities should be conducted as soon as practical.  The first of the two can 
completed as separate, stand-alone activity.  The second of the two should be completed as part of the 
same project to implement rehabilitation activities recommended above. 

• Inspect Bands on Buried Portion of Intake Pipeline:  Inspect the pipe bands on the buried portion of the 
intake between the lake shore and the Gate House.  Options for exposing a small portion of the intake 
pipe in this area will need to be evaluated.  The high ground water table in this area will make pumping 
and treating the pumped water necessary.  The depth from ground surface to the top of intake pipe is 
approximately 10 feet mid-way between the lake shore and the Gate House.  Shoring or other structural 
means of maintaining the excavation should be expected.  The results of this inspection should be 
factored into assessing whether or not to pursue mitigation of the buried portion of the wood-stave 
intake pipeline. 

• Metal Fasteners:  Based on the 2014 inspection and 2000 inspection by Golder and Associates, the 
original carbon steel fasteners connecting the supports for the bent structures, as well as the beams that 
comprise the timber crib, appear to be generally in good condition.  Wholesale replacement of these 
elements is not anticipated to be necessary in the near future.  However, additional confirmation of this 
assertion is necessary because no additional bolts were collected during the 2014 inspection and only a 
single bolt was collected during the 2000 inspection.  Six carbon steel fasteners from the timber crib and 
selected bents should be removed and evaluated at a testing laboratory to determine remaining 
strength and metal loss due to corrosion. 

Beyond the rehabilitation improvements and additional inspection and testing cited above, the existing 
wood-stave intake system should be inspected on a frequency cycle of no greater than 5 years.  This 
inspection frequency is based on an assumption that moving forward the City should anticipate the need for 
making some repairs and rehabilitation improvements to the intake system approximately every 5 years.  
Regular, five-year inspections should include observations and appropriate testing of the following: 

• The new replacement stainless steel hoop rods. 

• Stainless steel straps around concrete weights at the bents and between bents. 

• Original metal fasteners. 

• Wood components (crib, bents, staves) to document any potential rot or deterioration. 

• Cable crossings to verify that cables are centered on wearing pads and not damaging the intake pipeline. 

• Pipe plugs to verify that they are intact and tight. 
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Recommended Improvements

 Replace all of original carbon steel hoop 
rods – approximately 1,600 over 800 feet 
of exposed pipe at 6” spacing.

 Install articulated ballast weights at 
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 Replace wax tape at steel flange joints 
1 and 2.
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June 28, 2014 

 

Phil Martinez, PE 

CH2M Hill 

1100 - 112th Avenue NE, Suite 500, 

Bellevue, WA, 98004-4504 

Phil.Martinez@CH2M.com 

 

 

RE: Lake Whatcom Wood Stave Intake Inspection 

 

 

Mr. Phil Martinez,  

Attached is our report summarizing the findings of the inspection Ballard Marine Construction divers performed at the 

Lake Whatcom wood stave intake from June 24th 2014 through June 26th 2014.  Underwater video was recorded during 

the course of the project and copies of the DVDs are included with this report.  

 

Should you have any questions and/or comments please feel free to contact myself or Jesse Hutton at the phone 

numbers and/or emails listed below. Thank you for allowing us to provide these services for you and we look forward to 

working with you again in the near future. 

 

 

Sincerely, 

 

Dana Gordon 

Dive Supervisor 

Ballard Marine Construction 

(206) 947 8810 Mobile 

(866) 782 6750 Office 

Dana.Gordon@Ballardmc.com 

 

Jesse Hutton 

Chief Estimator 

Ballard Marine Construction 

(360) 518-3641 Mobile  

(866) 782 6750 Office 

Jesse.Hutton@BallardMC.com  

mailto:Dana.Gordon@Ballardmc.com
mailto:Jesse.Hutton@BallardMC.com
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Introduction 
Ballard Marine Construction (BMC) performed underwater inspection diving operations on June 24th through June 26th 
2014 at the Lake Whatcom Wood Stave Intake in general accordance with the U.S. Coast Guard (USCG)-accepted 
Association of Diving Contractors International, Inc. (ADCI) Consensus Standards for Commercial Diving and Underwater 
Operations (6th Ed.), the U.S. & Oregon Occupational Safety and Health Administration (OSHA) 29 CFR Part 1910, Subpart 
T – Commercial Diving Operations (Dir. CPL 02-00-151; 2011), Washington State’s Standards for Commercial Diving 
Operations (Chapter 296-37 WAC; 2008), and the U.S. Navy Dive Manual, Rev. 6 (April 2008). 
 
 
Project Location 
The Lake Whatcom Wood Stave Intake is located on the North West side of Lake Whatcom at a latitude/longitude of 
48°44'55.4"N 122°23'44.1"W where it becomes exposed in the lake.  
 

 
Figure 1 – Overview of Area 

 
Figure 2 – Close in aerial view of Intake and Gate House 
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Scope of Work  
BMC’s Scope of work consisted of inspecting the existing intake structure, crib, wood stave intake pipe, and bents. In 
addition the scope included an internal inspection of the gate house vault and of the internal wood stave intake pipe to 
400 linear feet. Documentation of the underwater work was done using an underwater video system and recorded on 
DVD for subsequent viewing by the project Dive Supervisor, Dana Gordon and the client, Phil Martinez.  
 
Inspection Methods 
BMC inspected the external surface of the intake in an offshore to inshore direction, beginning at the intake crib, and 
continuing toward shore. During the inspection, BMC divers visually inspected the external components of the intake, 
including the wood stave surface, the carbon steel bands, hardware, stainless steel bands, pile bents, cross and support 
braces, and ballast weights.  Special attention was given to the condition of the carbon steel fittings and carbon steel 
hardware. Soundness testing with a hammer was performed along the length of the external surface of the pipe, and 
intermittent water blasting was performed to expose the condition of the pipe, fittings and hardware.  Two core 
samples of the staves were taking using a hydraulic drill and hole saw for further inspection by CH2M Hill.  Broken 
carbon bands were also recovered to the surface and turned over to CH2M Hill for further analysis and inspection. 
Measurements of sediment depth and pipe to pile and pipe to sediment were taken at each bent to check for the 
occurrence of shifting.  Cable crossings were visually inspected and photographed. Visual inspection of the gate house 
vault was performed, including cleaning algae from the concrete surfaces to allow detection of any cracking, and 
soundness taps of the concrete were performed.  Steel components in the gate house vault were cleaned to remove 
oxidation and scale, and a pit gauge was used to assess the extent of the corrosion to the steel components, including 
the sluice gate, shaft, and stop log slots.  Visual inspection of the internal components of the wood stave intake pipe was 
performed, and special attention was given to the flanges and fittings internally and to the algae and other marine 
growth noted internally. Scraping of the wood and soundness taps were used to assess the soundness of the internal 
wood staves. Horizontal and vertical measurements were taken intermittently to check for deformation of the intake. 
An underwater video system was used to document the diver’s inspection. 
 
Inspection Findings 
BMC’s Inspection of the Lake Whatcom wood stave Intake consisted of 4 Main Components; the Intake Crib inspection 
at the far offshore end of the intake, the pile bents/intake pipe inspection of all 44 exposed bents, the gate house 
vault/sluice gate inspection, and the internal wood stave pipe inspection.  
 
-Intake Crib Inspection 
The intake crib is a square structure 12.5’ wide and standing 8’ tall above the support structure. It is constructed 
primarily of 9” x 9” timbers, fastened with carbon steel hardware, as depicted in the following figures.  The timber 
components of the structure were appeared to be in good condition with no signs of rot or severe deterioration noted. 
The carbon steel components are corroded, and covered with heavy oxidation and scale. See Photo #1 in project 
photographs for a close up of the Intake crib hardware.  The top of the crib structure is constructed of 9” x 3” boards 
spanning the 12.5’ width of the intake.  The intake pipe enters the structure from the West and is contacting the South 
West vertical timber of the crib.  The intake pipe extends into the crib terminating just 9” to the West of the South East 
Pile.  The offshore end of the intake pipe appears to bell out, becoming a larger diameter, however, without diver access 
to the inside of the crib, we were unable to take an exact measurement on the exact dimension of the end of pipe.  On 
the East face of the intake crib, BMC diver found a 3’ x 19” screen that had been bolted to the crib.  It appeared to be 
constructed of PVC zip tied to steel screen.  See Photo #2 in the project photographs section of this report for a close up 
of this component.  The Intake crib rests on a support structure of similar construction, with dimensions of 16’ x 16’ 
extending into bottom, and filled with 2” minus cobble. Though flows through the intake were reported to be 14 million 
gallons per day on the day of our crib inspection, diver was unable to feel any noticeable current into the intake.  Copy 
of the video inspection has been included in this report. The inspection of the intake crib can be found at the beginning 
of the June 24th 2014 Video.  
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Figure 3: View of the Intake Crib from the North East Corner 

 
 

Figure 4: View of Intake Crib from the North West Corner 
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Figure 5: View of Intake Crib from South West Corner 

 
 

Figure 6: Top View of Intake Crib (Top boards omitted for clarity) 
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-External Intake Pipe and Pile Bents  

BMC divers surveyed the external components of the intake structure from the offshore end where it exited the 
West side of the intake crib to the inshore end where it became buried in soft sediment approximately 15 feet inshore of 
pile bent 44. The intake pipe itself is a wood stave constructed 72” diameter pipe, with approximately 2 ¼” to 2 ½” wall 
thickness. The condition of the wood was found to be very good, with approximately 1/8” of soft wood material at the 
surface that removed easily with a hand scraper or paint knife, before reaching hard wood with no visible signs of rot.  
Intermittent pressure washing, hand scraping and sounding taps were performed to investigate the integrity of the 
wood components.  While BMC divers found no signs of wood rot or damage, two 2” core samples of the wood staves 
were taken by BMC and turned over to CH2M Hill for further investigation. The voids left by the core samples were 
plugged with 2” mechanical plugs.   

The steel components of the external portion of the intake showed varying degrees of corrosion.  The original 
carbon steel bands in place on the pipe at intervals of 6” showed heavy corrosion and in some cases were completely 
corroded through and had fallen off of the pipeline. BMC divers cleaned the oxidation and scale off of these bands 
intermittently to investigate the amount of remaining steel, and documented this on video and still camera, and 
recovered samples of the broken bands for further investigation by CH2M Hill.  The pile bent hardware appeared to be 
corroded to a lesser degree than the carbon steel bands.  It exhibited heavy oxidation and scale, but once the scale was 
removed, the threading on the hardware was often still discernable, and the flats on the nuts were still intact as well. 
Stainless bands that were part of a previous repair effort were present on the pipe at approximately 24” intervals, and in 
nearly every case were intact, tight and not corroded.   

Concrete ballast weights were present at nearly every pile bent and at the majority of pipe spans between the 
bents. Most of these concrete ballast weights were secured to the pipe positively with two stainless bands each.  Two of 
these concrete weights were cracked, and had been secured from breaking apart with a 3rd stainless band.   

BMC divers noted 3 cable crossings over the top of the intake pipe, and one cable crossing below the intake 
pipe.  Divers also noted a timber lying on bottom parallel to the intake pipe, of about 20” diameter, in contact with the 
cross brace of bent 28 on the North side of the intake pipe. 

Figure 7: Overview of Lake Whatcom Intake 
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Figure 8: Cross Section of Typical Bent from Original Record Drawings 
 

 

 
Figure 9: Longitudinal Section of typical bent from original record drawing.  
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Pipe Condition Intake Crib to Bent 1 

Wood 
Condition 

Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate Ballast 
Weight Present 

Very good Light/Moderate 
Algae 

Heavily 
Corroded 

Tight and 
intact, with the 
exception of 
one band 
corroded and 
loose.  

None No 

Notes: 

One stainless band loose and showing light surface corrosion (Pictured in Photo #4 in project photographs section of this 
report).  All other stainless bands tight and showing no corrosion. See Photo #3 for typical condition of Stainless and 
Carbon bands. No intermediate ballast weight noted here. 

 
Bent 1 
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Pipe Condition Bent 1 to Bent 2 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Tight, not 
corroded 

None evident No 

Notes: 

Bent 2 Piles are not in the typical location. As shown in the top view, they are inshore of the cross braces. An extra 
broken pile is leaning against the South side of the bent. 

Bent 2 
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Pipe Condition Bent 2 to Bent 3 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Tight, not 
corroded 

None evident No 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. 

Bent 3 

 
 



 

Page 12 of 70 
www.BallardMC.com 

Pipe Condition Bent 3 to Bent 4 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Tight, not 
corroded 

None evident No 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. 

Bent 4 
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Pipe Condition Bent 4 to Bent 5 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Tight, not 
corroded 

Band on bottom 
at bent 5 

No 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. 

Bent 5 
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Pipe Condition Bent 5 to Bent 6 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Tight, not 
corroded 

No Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. First section of pipe with intermediate ballast weight. 

Bent 6 
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Pipe Condition Bent 6 to Bent 7 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not corroded, 
tight 

Broken bands on 
bottom at bent 7 

Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. Ballast weight not secured to pipe at bent 7. 

Bent 7 
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Pipe Condition Bent 7 to Bent 8 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not corroded, 
tight 

Broken bands on 
bottom at bent 7 

Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 8 
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Pipe Condition Bent  8 to Bent 9 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not corroded, 
tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 9 
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Pipe Condition Bent  9 to Bent 10 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not corroded, 
tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 10 
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Pipe Condition Bent  10 to Bent 11 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded One corroded 
band at bent 11 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. See Photo #5 for detail of corroded stainless band at 
bent #11 

Bent 11 
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Pipe Condition Bent  11 to Bent 12 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded One corroded 
band at bent 11 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. See Photo #5 for detail of corroded stainless band at 
bent #11 

Bent 12 
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Pipe Condition Bent  12 to Bent 13 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 13 
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Pipe Condition Bent  13 to Bent 14 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 14 
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Pipe Condition Bent  14 to Bent 15 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  Wood saddle at bent 15 on offshore cross brace, see 
photo 6 for image of saddle. 

Bent 15 
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Pipe Condition Bent  15 to Bent 16 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

Broken band 
offshore of 16 

Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  Broken Band Just offshore of Bent 16 

Bent 16 
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Pipe Condition Bent  16 to Bent 17 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.   

Bent 17 
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Pipe Condition Bent  17 to Bent 18 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None Seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  South Pile has been replaced at bent 18, so new 
support brace hardware was installed. See photo #7 for detail of new hardware.  

Bent 18 
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Pipe Condition Bent  18 to Bent 19 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

carbon band 
missing 1’ 
offshore of bent 
19 

Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 19 
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Pipe Condition Bent  19 to Bent 20 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes 2 each, 2 
bands, stainless, 
tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands. Two concrete ballast weights installed between bents 
19 and 20.  Three core samples had been previously taken from bent 20, two on the South side of the pipe, and one on 
the North side of the pipe. As part of our inspection we took another core sample from the North Side. See Photo #8 for 
detail of this core sample. Void in pipe plugged with a mechanical plug, See Photo 9 for detail of previously installed 
plugs. See Photo #10 for detail of new mechanical plug. See Photo # 11 for view of void left by core sample. 

 
Bent 20 
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Pipe Condition Bent  20 to Bent 21 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for typical condition of Stainless and Carbon bands.  

Bent 21 

 



 

Page 30 of 70 
www.BallardMC.com 

 

Pipe Condition Bent  21 to Bent 22 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

2” Diameter Cable crossing over top of pipe just offshore of bent 22.  Cable contacts an anti-chaffing pad installed on the 
12 o’ clock position of pipe and the South pile of bent 20, but contacts the pipe at no other location. Cable can be moved 
by hand. ½” Cable Crossing below pipe at bent 22, not in contact with intake components. See Photos 12 and 13 for 
views of the cable crossing, and photo #14 for a view of a carbon band in this area with the oxidation and scale removed, 
showing severe deterioration of the fastening hardware.  

Bent 22 
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Pipe Condition Bent 22 to Bent 23 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

2” cable crossing just offshore of bent 23 contacting the intake pipe several inches offshore of the anti chaffing pad.  
Cable was relocated by diver to rest on anti-chaffing pad.  Photo #15 Shows the original location of the 2” cable crossing. 

Bent 23 
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Pipe Condition Bent 23 to Bent 24 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands. 

Bent 24 
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Pipe Condition Bent 24 to Bent 25 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands. 

Bent 25 
 

 



 

Page 34 of 70 
www.BallardMC.com 

 

Pipe Condition Bent 25 to Bent 26 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

3rd carbon band 
offshore of bent 
26 broken 

Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands. 3rd band offshore of bent 26 broken 3.5” cable crossing 
inshore of bent 26 

Bent 26 
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Pipe Condition Bent 26 to Bent 27 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, 2 bands, 
stainless, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands. 3.5” Cable crossing sitting on chaffing guard just 
offshore of pile bent 27. See Photo# 17 Articulated concrete ballast mat laying over top of intake pipe at bent 27. See 
Photo #18  

Bent 27 
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Pipe Condition Bent 27 to Bent 28 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen None Seen 

Notes: 

Flange connection 9’ Inshore of bent 27- Flange is concealed under denso wax tape for corrosion protection, hardware 
exposed through the tape appears to be in place and tight, stainless alignment screws placed at the 12 o’ clock position 
still at the 12 o’ clock position and in line with each other. No signs of inflow or outflow through flange noted.  See 
Photos 19 and 20 for detail. See Photo #3 for Typical condition of stainless and carbon bands.  

Bent #28  
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Pipe Condition Bent 28 to Bent 29 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Articulated concrete ballast weight laying over top of pipe 4’ inshore of bent 28, 4’ wide, typical of previous concrete 
mat noted at bent 27. See Photo #3 for Typical condition of stainless and carbon bands.   

Bent #29 
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Pipe Condition Bent 29 to Bent 30 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Previous cores taken at bent 30 and plugged, plugs typical of those noted at bent 20 and pictured in photo #9. See Photo 
#3 for Typical condition of stainless and carbon bands.   

 
Bent 30  
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Pipe Condition Bent 30 to Bent 31 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

 
Bent 31 
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Pipe Condition Bent 31 to Bent 32 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 32 
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Pipe Condition Bent 32 to Bent 33 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

Broken Carbon 
band 6’ Inshore 
of bent 32 

Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 33 

 



 

Page 42 of 70 
www.BallardMC.com 

Pipe Condition Bent 33 to Bent 34 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 34 
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Pipe Condition Bent 34 to Bent 35 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

South Pile at bent 35 broken off at the level of the cross braces. Hardware still in place and intact, support braces 
supported by 2 stainless repair clamps. See photos 21 and 22 for detail of old hardware and new clamps. See Photo #3 
for Typical condition of stainless and carbon bands.   

Bent 35 
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Pipe Condition Bent 35 to Bent 36 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 36 
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Pipe Condition Bent 36 to Bent 37 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 37 
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Pipe Condition Bent 37 to Bent 38 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Intermediate concrete ballast weight broken, secured together with a third stainless band running horizontally around 
the weight. See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 38 
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Pipe Condition Bent 38 to Bent 39 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

5’ Inshore of bent 
38, carbon band 
missing band 
missing at bent 
39 

Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Intermediate concrete ballast weight broken, secured together with a third stainless band running horizontally around 
the weight. See Photo #3 for Typical condition of stainless and carbon bands.   

Bent 39 
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Pipe Condition Bent 39 to Bent 40 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

Band broken at 
bent 39, band 
broken 5’ inshore 
of bent 39 
missing band at 
bent 40 

Yes, 5 each 
Stainless bands 
not corroded, 
tight 

Notes: 

Pipe span between bent 39 and 40 is longer than previously 20’ spaced bents. There are 5 intermediate ballast weights 
between bent 39 and 40, spaced approximately 10’ apart. See Photo #3 for Typical condition of stainless and carbon 
bands.  3 Mechanical plugs from previous cores at bent 40. 2 on South side, 1 on North side.  

Bent 40 
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Pipe Condition Bent 40 to Bent 41 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

Broken Band at 
bent 41, carbon 

Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Flange connection 12’ Inshore of bent 40. Similar condition to previous flange encountered. Wrapped in Denso tape, 
denso tape tightly wrapped, still waxy, some stainless hardware exposed. 3 alignment screws at 12 o clock position still 
in line. See Photo 23 for a view of the flange wrapped in Denso tape. See Photo 24 for a view of the flange surface 
exposed by diver moving denso tape. See photo 25 for a view of the alignment screws at 12 o clock position. No inflow 
or outflow detected at flange. See Photo #3 for Typical condition of stainless and carbon bands  

 
Bent 41 
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Pipe Condition Bent 41 to Bent 42 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

Broken Band at 
bent 41, carbon 

Yes, Stainless 
bands not 
corroded, tight 

Notes: 

Cross braces on bent 42 are bolted to piles, no support braces evident. See Photo #3 for Typical condition of stainless 
and carbon bands  

 
Bent 42 
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Pipe Condition Bent 42 to Bent 43 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen 2 Articulated 
concrete mats 

Notes: 

Concrete ballast mat 4’ inshore of bent 42, 4’ wide, 4’ past 1st mat, there is a second concrete mat 4’ wide. Concrete 
mats are typical of the articulated concrete mats seen previously and pictured in photo 18 See Photo #3 for Typical 
condition of stainless and carbon bands  

Bent 43 
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Pipe Condition Bent 43 to Bent 44 

Wood Condition Marine Growth Carbon Steel 
Component 
condition 

Stainless 
Component 
Condition 

Broken/Missing 
Bands Evident 

Intermediate 
Ballast Weight 
Present 

Very good  Light to Moderate 
Algae growth 

Heavily Corroded Not Corroded, 
Tight 

None seen 2 Articulated 
concrete mats 

Notes: 

Concrete ballast mat 6’ inshore of bent 43, 4’ wide, 4’ past 1st mat, there is a second concrete mat 4’ wide. Concrete 
mats are typical of the articulated concrete mats seen previously and pictured in photo 18 See Photo #3 for Typical 
condition of stainless and carbon bands  Pipe at bent 44 is buried so that just 2’ of pipe exposed, cross braces and 
support braces assumed.  2” Core sample taken 6” below mud line at the 2 o clock position 6’ inshore of bent 44.  Core 
plugged with 2” mechanical plug and splash zone applied over plug.  Pipeline becomes completely buried at 10’ inshore 
of bent 44, concluding our inspection of the external intake components. 

Bent 44 
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-Gate House Vault and Sluice Gate Valve Inspection 
On the 26th of June 2014 BMC divers mobilized to the gate house to perform the inspection of the gate house vault, 
access ladder, sluice gate valve, stop log slots, and the internal components of the wood stave intake pipe.  BMC 
mobilized a team of 7 divers to the site to perform this inspection.  A supervisor, main diver, in water tender, standby 
diver, and tenders for each diver were utilized.  The inspection of the access ladder, gate valve, stop logs and vault were 
performed first. 

Figure 10: Gate House Vault Record Drawing 
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Figure 11: Top View of Gate House Vault  

 
 
 
 
 
 
 
Access ladder condition: 
Access ladder and ladder shaft appear to be in good condition. BMC divers inspected the ladder rungs, concrete surface, 
and riser pipe inside ladder shaft.  Ladder rungs showed some corrosion and rust scale, removal of the scale revealed the 
rungs to have nearly ¾” of non corroded steel underneath the scale. BMC diver noticed one small area of spalling to the 
right of the access ladder just below where the 2” riser terminates. 4” square area showed exposed aggregate and a 
depth of 1/2” at the deepest point.   Concrete around this area showed no signs of deterioration when tapped with a 
sounding hammer.  Ladder extends all the way to the bottom of the vault, at which point it opens up into the tunnel to 
the screen house.  
 
See Photos 27 and 28 for access ladder condition. See Photo 29 for view of bottom of 2” riser pipe in ladder shaft. 
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Gate Valve condition: 
The gate valve itself consists of a 76”x 76” steel gate with a thickness of 2”, with a brass or bronze sealing surface along 
the sealing edges. On the vault side of the gate, there are 4 Vertical stiffeners extending 3” out from the plate of the 
gate itself, these are spaced on 16” centers. There are 7 horizontal stiffeners extending 6” out from the plate of the gate, 
spaced on 12” centers. The gate rides up and down in a 6’ x 6’ steel frame with slots for the gate. On the Vault side of 
the gate there are 4 brass or bronze wedge plates on each side of the gate that match up with 4 plates on the frame to 
wedge the gate into the closed position and create a tight sealing surface.  The sealing surface of the frame is also made 
of a brass or bronze surface.  The steel actuator shaft rises from the center of the top of the gate, and continues above 
waterline though the roof of the vault.  It is spaced 5” off of the vault wall and held in position with two steel brackets 
anchored to the vault wall, one below waterline, and one above waterline. Hardware on these brackets is all in place. No 
signs of loose or missing hardware noted on the brackets.  
 
Very minor corrosion was noted to the brass components of the gate system, with pitting depths of 1/16th of an inch or 
less. Minor to moderate corrosion of the steel components was noted, with pitting to depths of 1/8” measured with a 
pitting gauge once the scale was removed and oxidation was cleaned off with a wire brush and pressure washer.  
 
 
Stop Log guide slots condition and measurements: 
The internal dimensions of the stop log guide slots are 2” deep and 6” wide.  Full length of the stop log guide slots just 
above bottom of the vault measured at 75.25” Condition of the steel in the guide slots show heavy oxidation scale built 
up inside of the slots.  Once the scale is removed the guide slots show 1/16” to 1/8” pitting.  At the bottom of the guide 
slots there is one board sitting on the concrete floor to a height of 7”.  Collected between this board and the end of the 
intake pipe is 2” minus cobble. In order to use the stop logs to seal off the intake, the stop log guides would likely need 
to have all of the oxidation scale removed.  See Photo #30 for detail of the stop log guide slot. See Photo 33 for detail of 
the stop log guide slot above water line. 
 
 
Concrete Surfaces of Gate House Vault: 
The general condition of the concrete surfaces of the gate house vault appeared to be in very good condition, with very 
little spalling and exposed aggregate noted. The exception to this would be the band between 1’ and 3’ below the 
waterline. In this area the concrete felt soft and chipped away with sounding taps of the hammer.  See Photo #34 for 
detail of this area.  No signs of cracking or exfiltration were noted anywhere in the vault.  The only other irregularity 
noted in the concrete surface of the vault were two 1” copper pipes penetrating into the vault approximately 1’ long, 8’ 
above bottom and 18” to the South of the gate valve.  The hole they penetrated through appeared to have been re-
finished with an epoxy or grout. See Photo 37 for detail.  
 
-Internal Inspection of wood stave intake pipe 
BMC diver inspected the wood stave intake pipe starting at the gate house entrance to the pipe.  The wood structure of 
the intake pipe appears to be in very good condition, with light algae growth covering 100% of the surfaces and soft 
sponge growth covering an estimated 5% of the surfaces.  The growth removes easily by hand, and the wood 
underneath is consistent with all other wood components, soft for approximately 1/8” and hard sound wood beneath 
that.  Two steel flange sections were visible on the inside of the pipe in the section of the internal pipe that we 
inspected. The steel on the flanges and short sections of pipe was 3/8” thick and covered in marine growth and 
oxidation scale.  Once this was removed, the steel underneath was shown to be pitted to a depth of 1/8”.   Other areas 
of interest noted were a break in continuity of the pipe at 120’ from the gate house entrance, and the internal view of 
the mechanical plug we installed in place of the core sample we took at 280’ from the gate house entrance.  For a 
further detail of the inspection, see the table below.  
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Feet from 
Gate House 

Growth Sediment 
Depth 

Notes 

0 Algae None 72” ID Steel pipe 28” long enters gate house, appears to be 
flanged to a second steel pipe with same ID 24” long, which then 
transitions to wood staves. Steel condition is heavy oxidation and 
scale, once removed, pitting to a depth of 1/8” is revealed. Wood 
condition is soft for the first 1/8” then hard and sound when this 
soft layer is removed with a paint knife. See Photo 38 for detail of 
steel condition 

10’  Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

20 Algae/sponge None Unknown hard white penetration at the 8’ o clock position looking 
offshore. See Photo 40 for detail. Sample recovered and turned 
over to Dan Buonnadonna with CH2M Hill 

30 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

40 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

50 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

60 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

70 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

80 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

90 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

100 Algae/sponge None 72” Horizontal measurement 72” Vertical measurement Wood 
sound, 1/8” of soft wood, once removed with paint knife, hard 
wood exposed underneath. 

110 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

120 Algae/sponge None Break in continuity of staves, possible slip joint in pipe, 5-7” 
wide full circumference of the pipe 3” deep. No infiltration or 
exfiltration observed, 2” minus cobble collected in 6 o clock. 
ID measures 73” Vertically and 72” Horizontally at this location.  

130 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

140 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

150 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath.  

160 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

170 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

180 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
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hard wood exposed underneath. 

190 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

200 Algae/sponge None 72” Vertical measurement of ID 72” Horizontal Measurement of 
ID Wood sound, 1/8” of soft wood, once removed with paint 
knife, hard wood exposed underneath. 

210 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

220 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

230 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

240 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

250 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

260 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

270 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

280 Algae/sponge None 2” Mechanical plug Installed at the 10 o clock position of pipe 
that we installed 6’ inshore of bent 44 visible see Photo 43 for 
detail. No infiltration or exfiltration detected at this location. 
Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

290 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

300 Algae/sponge None 72” Vertical Measurement 72” Horizontal measurement  

310 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

320 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

330 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

340 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

350 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

360 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

370 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

380 Algae/sponge None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

390 Algae/sponge  None Wood sound, 1/8” of soft wood, once removed with paint knife, 
hard wood exposed underneath. 

400 Algae/sponge None Steel flange 3/8” thick steel, condition consistent with steel seen 
previously. 1/8” deep pitting. No sign of exfiltration and 
infiltration.  End of inspection.  
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Daily Project Logs 
 
 

24th June 2014 

Time (24 Hour Clock) Task/Event 

0700 Crew and Equipment onsite at Bloedel Donovan Board ramp. Tailboard safety meeting with dive 
crew and begin setup and launch of both vessels. Secure pontoon barge to dive boat.  

0800  Jerry Duppong (CH2M Hill) and Bill Evans (City of Bellingham) onsite.  Pre-Dive and Pre-
Departure safety meeting with all onsite.  

0819 Depart Bloedel Donovan Boat ramp for site.  

0847 Anchoring near location of intake as directed by Bill Evans.  

0915 Diver #1 Leaves surface to locate intake and begin inspection of intake crib 

1047 Diver #1 Reaches Surface, Diver is on a 50’ table due to a depth of 46’, out of bottom time.  
Diver located intake and completed the inspection of the intake crib. 

1116 Diver #2 Leaves surface to begin inspection of intake pipe and bents 

1315 Diver #2 Reaches surface after inspecting intake pipe and bents 1-9, Diver had a maximum 
depth o 43’ and was on a 45’ table 

1345  Diver #3 L/S to inspect intake pipe and pile bents 

1540 Diver #3 R/S after inspecting intake pipe and bents 9-22. Diver had a maximum depth of 40’ and 
was on a 45’ table 

1545 Placing buoy on Intake down-line for the evening and travelling back to the Bloedel Donovan 
boat ramp. 

1630 At Bloedel Donovan Boat ramp, separating and trailering Dive vessel and pontoon barge, 
securing for evening.  Boats being re-sealed for re-entry into Lake Whatcom the following day.  

1700 Crew and equipment offsite for evening. 
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Daily Project Logs 

 
 

25th of June 2014 

Time (24hr Clock) Task/Event 

0700  Onsite at Bloedel Donovan boat ramp, setting up, launching vessels 

0800 Jerry Duppong (CH2M Hill) and Bill Evans (City of Bellingham) onsite.  Pre-Dive and Pre-Departure 
safety meeting with all onsite. 

0815 Depart Boat Launch 

0850 Moored on location at Bent 22 of Intake 

0908  Diver #4 Leave Surface to clean specified areas with pressure washer for still photos and closer 
inspection.  

1147  Diver #4 Reach Surface after performing detailed inspection of components and of cable crossing 
and inspecting intake pipe and bents to bent 25. Headed to boat ramp to pick up Hydraulics for core 
sampling.  

1304 Diver #5 Leave Surface to take core sample and inspect pipe and pile bents 

1528 Diver #5 Reach surface after recovering core sample and inspecting bents 25 to 31 

1550 Diver #6 Leave Surface, Resetting down line, moving vessel inshore, continuing inspection inshore 

1841 Diver #6 Reach Surface after inspecting pipe and bents 31-44 and recovering core sample 

1900 Returned to Bloedel Donovan boat ramp, recover vessels and break down dive spread 

1930 Crew and equipment offsite, core samples and carbon bands turned over to Bill Evans(City of 
Bellingham) 
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Daily Project Logs 
 
 

25th of June 2014 

Time (24hr Clock) Task/Event 

0700 Drop Trailers at Bloedel Donovan Park 

0715  Onsite setting up at Gate House 

0730 Pre-Dive Safety Meeting with 7 Man dive crew, Dan Buonadonna(CH2M Hill), and Bill Evans(City of 
Bellingham)  

0800  Dive Station set up  

0900  Diver #1 Leave Surface to Inspect Vault 

 1205 Diver #1 Completed Vault Inspection 

1210 Diver #2 Leave Surface to act as in water tender 

1215 Diver #1 Begins internal inspection of Wood Stave intake pipe 

1330 Stave pipe inspection completed 

1344 Divers #1 and #2 on surface, breaking down dive spread, Cleaning up area 

1500 Equipment and Personnel off-site.  
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Summary 
 
Wood components of the intake system appear to be in good to very good condition throughout the intake. No signs of 
rot or major damage to any wood structures were observed. Wood core samples were recovered and delivered to CH2M 
Hill during the inspection and will be used for further evaluation of the condition of the wood components.  
 
Condition of the original carbon steel components of the intake system appeared very corroded.  Support brace 
hardware and carbon bands both showed heavy scale and advanced corrosion once this scale was removed.  Many of 
the carbon bands were broken or missing, as indicated in the body of this report.  Several broken bands were recovered 
to the surface and delivered to CH2M Hill for further analysis of the condition of the original carbon steel components.  
 
The stainless steel components of the intake appear to be in good to very good condition. Only two bands over the span 
of the entire intake system showed any sign of corrosion, and only one band appeared to be loose.  
 
Concrete components of the intake system were with few exceptions in good condition. In only a few cases were there 
signs of concrete damage. One bent had a broken concrete ballast weight on bottom, one of the intermediate concrete 
ballast weights was broken and banded back together, and in the gate house vault, the area 1’ to 3’ below water line 
showed signs of soft concrete, spalling and exposed aggregate for the full circumference of the vault.  Articulated 
concrete ballast mats in place over top of pipeline show no signs of damage or deterioration.  
 
For review of the entire video footage, please refer to the DVD provided with this report. BMC thanks you for your 
business and please don’t hesitate to contact me should you have any questions or comments. 
 
 
Sincerely,  
 
 
Dana Gordon 
Diving Supervisor 
Ballard Marine Construction 
 (206) 947 8810 
Dana.Gordon@BallardMC.com 
 
 
 
Reviewed by: 
George Birch, Operations Manager 
(206) 604-7388 
George.Birch@BallardMC.com 
  

mailto:George.Birch@BallardMC.com
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Photo #1: Typical Condition of Hardware of Intake Crib 
 

Photo #2: PVC and Steel Screen 3’x9” bolted to Crib 
 

  

Photo #3: Typical Condition of Stainless and Carbon bands 
Photo #4: Corroded and Loose Stainless band between 

intake crib and bent #1 

  

Photo #5: Corroded Stainless band at Bent 11 Photo #6: Wood Saddle Support at bent 15 
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Photo #7: Newer Hardware at replaced pile at Bent 18 Photo #8: Core Sample from North side of pipe, bent 20 

  

Photo #9: Previously Installed Plug at bent 20 
Photo #10: Mechanical plug installed over void from new 

core 
 

 
 

Photo #11: Core sample void prior to plugging Photo #12: Cable crossing contacting South Pile Bent 22 
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Photo #13: cable crossing on anti-chaffing pad - bent 22 
Photo #14: Carbon steel hardware with scale removed 

showing severe deterioration of fastener 

  

Photo #15: Cable crossing at bent 23 off of pad 
 

Photo #16: Typical stainless banded concrete ballast 
weight at bent 

  

Photo #17: 3.5” Cable crossing offshore of bent 27 Photo #18: Articulated concrete ballast mat offshore of 27 
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Photo #19: Flange between bents 27 and 28 covered in 
Denso wax tape secured by stainless bands 

Photo #20:Top View of Flange between 27-28, alignment 
screws visible at 12 o clock position in line. 

 

 
Photo #21: Through pile hardware exposed at broken pile 

#35 

Photo #22: Repair Clamps at South Pile Bent 35 beneath 
support braces 

 

 
 

Photo #23: Flange between bent 40 and 41 
Photo #24: Flange surface exposed by diver at bent 40-

41, showing condition of steel flange/stainless hardware 
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Photo #25:Flange at Bents 40-41 showing 12 o clock position 
alignment screws 

Photo #26: Main Diver umbilical staged in gate house, 
access hatch open 

 
 

Photo #27: Ladder rungs above surface in access ladder shaft Photo #28: Ladder rung underwater condition 
 

  
Photo #29: Bottom flange of 2” riser where it terminates in 

the access ladder shaft.  
Photo #30: Stop log guide slot with scale removed in 

center, and scale visible at top and bottom. 
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 Photo #31 Gate Valve Actuator shaft cleaned by diver to 
show corrosion and pitting to a depth of 1/8” 

Photo #32 Diver using pit gauge to check depth of pitting 
on actuator bracket 

 
 

Photo #33 Stop log guide slot just above waterline, oxidation 
scale visible. 

Photo #34 Soft concrete and aggregate 1-3’ from water’s 
surface, this was consistent all the way around the vault 

 

 
 

Photo #35 Gate sealing surface  Photo #36: Brass Wedge block on frame and sealing 
surface on frame 
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Photo #37 2 1” Copper pipes extending approximately 1’ into 
vault 18” to the south of the gate and 8’ above bottom  

Photo #38 Steel to concrete joint between Intake pipe 
and vault  

  
Photo #39 Steel to Wood interface approximately 4’ from gate 

house 
Photo #40 Hard penetration in to pipe at 8 o clock 

position. Sample recovered and provided to CH2M Hill 
 

 
 

Photo #41 Sponge growth In pipe Photo #42: Pipe joint at 130’ from gate house in intake 
pipe, 7” gap in staves all around pipe  

 



CLIENT NAME PROJECT NAME DATE(S) OF PROJECT 

Page 70 of 70 
www.BallardMC.com 

  

Photo #43 Mechanical plug installed in place of core 
observed at 280’ from gate house 

 

Photo # 44 Detail of Wedge block on gate valve frame 

 
 

Photo #45 Detail of Actuator Shaft of gate valve where it 
meets the gate. Visible above is the bottom of the bracket 

Photo #46 Valve Actuator Bracket showing anchor bolts 
in place 

 

  

Photo #47 Upper North side corner of gate, showing 
stiffener plates and upper wedge block 

Photo # 48 Support brace Hardware detail 

 



 

Appendix B 
Description of Wood‐Stave Intake from September 

2000 Golder and Associates Inspection Report 



 

























 



 

Appendix C 
Drawings of the Intake Pipeline from September 
2000 Golder and Associates Inspection Report 



 





 





 



 

Appendix D 
Repair Recommendations from January 4, 2002 

Golder and Associates Design Report 



 













 















 

Appendix E 
Repairs Completed in 2002 from the October 7, 

2002 Golder and Associates Construction Report 
   



 













 







 

Appendix F 
Summary of Observations from June 2014 Lake 

Whatcom Wood Stave Pipeline Inspection 
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Page 1 of 4

Bent 
(Note 1)

Pipe Between 
Bents (Note 1) Fasteners

Broken Bands 
(Note 2)

Stainless Steel Bands
(Note 3) Notes

Crib Corroded/Intact Flats on hardware rounded due to corrosion; fastener still intact.

Crib-1 (4) 1 Band Loose and Rusty
Four broken carbon steel bands on lake floor (previous observation)
SST band approx. 6" inshore of crib is loose and rusty

1 Corroded/Intact None around Weight at Bent
1-2 0

2 Corroded/Intact Tight around Weight at Bent
2-3 (2) Tight around Weight andPipe Two carbon steel bands missing (Year 2000 observation)

3 Corroded/Intact Tight around Weight at Bent
3-4 0 Tight around Weight and Pipe

4 Corroded/Intact None around Weight at Bent
4-5 0 Tight around Weight and Pipe

5 Corroded/Intact Tight around Weight at Band
5-6 0 Tight around Weight and Pipe

6 Corroded/Intact None around Weight at Bent
6-7 (3) Tight around Weight and Pipe Three carbon steel bands missing (previous observation)

7 Corroded/Intact None around Weight at Bent
7-8 0 Tight around Weight and Pipe

8 Corroded/Intact None around Weight at Bent 
8-9 0 Tight around Weight and Pipe

9 Corroded/Intact None around Weight at Bent
9-10 0 Tight around Weight and Pipe

10 Corroded/Intact None around Weight at Bent
10-11 1 Tight around Weight and Pipe One broken carbon steel band at bent

11 Corroded/Intact Tight around Weight at Bent
11-12 0 Tight around Weight and Pipe

12 Corroded/Intact None around Weight at Bent SST band 2' inshore of Bent 11 is rusty; monitor condition as part of future observations
12-13 0 Tight around Weight and Pipe

13 Corroded/Intact None around Weight at Bent
13-14 0 Tight around Weight and Pipe

14 Corroded/Intact None around Weight at Bent
14-15 0 Tight around Weight and Pipe

15 Corroded/Intact Tight around Weight at Bent Previously installed saddle supports are intact
15-16 0 Tight around Weight and Pipe SST band crosses carbon steel band, 6' inshore of Bent 15

16 Corroded/Intact 1 Tight around Weight at Bent One broken carbon steel band; may be old band attached to concrete weight
16-17 (1) Tight around Weight and Pipe Missing band not observed during this inspection

17 Corroded/Intact Tight around Weight at Bent
17-18 0 Tight around Weight and Pipe

Summary of Observations from June 2014 Dive Inspection of Lake Whatcom Intake Pipeline
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Bent 
(Note 1)

Pipe Between 
Bents (Note 1) Fasteners

Broken Bands 
(Note 2)

Stainless Steel Bands
(Note 3) Notes

Summary of Observations from June 2014 Dive Inspection of Lake Whatcom Intake Pipeline

18 Corroded/Intact Tight around Weight at Bent
Cross beams that were previously reset are intact on the support braces; previously installed wood saddle also 
intact

18-19 1 Tight around Weight and Pipe Possible missing carbon steel band
19 Corroded/Intact Tight around Weight at Bent

19-20 0 Tight around Weight and Pipe Two concrete weights in this section;  second weight is approx 8' from Bent 19
20 Corroded/Intact Tight around Weight at Bent

20-21 (3) Tight around Weight and Pipe

Plugs in three previous core holes intact, tight, and in good condition
Remove new pipe core and install plug
Pressure wash carbon steel band; nut and threads in fair condition but bracket corroded

21 Corroded/Intact None around Weight at Bent

21-22 0 Tight around Weight and Pipe
2" armored cable crossing; see Note 4
1/2-inch lead sheath cable under pipe; see Note 5

22 Corroded/Intact 0 Tight around Weight at Bent New notch cut into wood supports to allow future alignment check.
22-23 0 Tight around Weight and Pipe 2" armored cable crossing; see Note 6

23 Corroded/Intact Tight around Weight at Bent
23-24 0 Tight around Weight and Pipe

24 Corroded/Intact Tight around Weight at Bent Previously cut notch in cross beam aligns with face of saddle; no movement
24-25 0 Tight around Weight and Pipe 

25 Corroded/Intact Slightly Loose around Weight
25-26 0 Tight around Weight and Pipe 3.5" armored cable crossing; see Note 7

26 Corroded/Intact Tight around Weight at Bent 
Concrete weight is not touching cross beam; installed wood saddle is bearing the pipeline load; pipe tight 
against north pile; alignment mark not located

26-27 0 Tight around Weight and Pipe
27 Below silt Tight around Weight at Bent South pile out of alignment

27-28 1 Tight around Weight and Pipe
Flange 9' inshore of Bent 27; See Note 8 
Second offshore band broken; break at bottom of pipe

28 Corroded/Intact Tight around Pipe at Bent

20" diameter log laying against bent
Pipe is tight against north pile
Concrete weight not touching cross beam 

28-29 0 Tight around Weight and Pipe Concrete weight mat 4' inshore from Bent 28; good condition
29 Corroded/Intact No concrete weight at this bent

29-30 0 Tight around Weight and Pipe
30 Corroded/Intact Slightly Loose around Weight Two core samples previously removed; hole plugs intact and tight

30-31 0 Tight around Weight and Pipe
31 Good Condition Tight around Weight at Bent
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Bent 
(Note 1)

Pipe Between 
Bents (Note 1) Fasteners

Broken Bands 
(Note 2)

Stainless Steel Bands
(Note 3) Notes

Summary of Observations from June 2014 Dive Inspection of Lake Whatcom Intake Pipeline

31-32 0 Tight around Weight and Pipe
32 Good Condition Tight around Weight and Pipe

32-33 1 Broken carbon steel band 6 ft inshore of Bent 32; recovered

33 Good Condition Tight around Weight at Bent
Previouly installed shims intact between between cross brace and cross beams
Previosly installed saddle supports intact

33-34 0 Tight around Weight and Pipe
34 Good Condition Tight around Weight at Bent Previously installed saddle supports intact

34-35 0 Tight around Weight and Pipe

35 Good Condition
Three Bands

Two Tight, One Loose 2-piece previously installed stainless steel pipe clamps around pile in very good condition
35-36 0 Tight around Weight and Pipe

36 Good Condition Tight around Weight at Bent
36-37 0 Tight around Weight at Bent

37 Good Condition None around Weight at Bent Pipe is tight against the south pile

37-38 1 Tight around Weight and Pipe
Concrete weight is broken; 3rd  SST band placed around horizontal axis of weight
Carbon steel band missing 5' inshore from bent 38; broken piece recovered

38 Good Condition Tight around Weight at Bent
38-39 0 Tight around Weight and Pipe

39 Good Condition
Three Bands;

Two Tight, One Loose  Flange 10 feet inshore of bent 39; see Note 9
39-40 1 Tight around Weight and Pipe Broken carbon steel band, first inshore from Bent 39; recovered by divers

40 Good Condition Tight around Weight at Bent

Next bent assembly on 20 foot center missing; Bent 41 is 40 feet inshore from Bent 40
Two plugs in pipe observed, See Note 10
Weights at 10 foot centers; one concrete weight is 4 feet from Bent 40

40-41 0 Tight around Weight and Pipe Missing carbon steel band; no sign of missing band on lake bottom

41 Good Condition

No concrete weight at Bent 41
Weights at 10 foot centers between bents
Lake bottom rises significantly, approximately 30 feet to the north

41-42 Good Condition 1 Tight around Weight and Pipe Top half of broken carbon steel band sitting on top of pipe; bottom section not located
42 Not Observed Pipe support not observable; silted over

42-43 0 Two concrete weight mats between Bents 42 and 43 are intact and in good condition 
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Bent 
(Note 1)

Pipe Between 
Bents (Note 1) Fasteners

Broken Bands 
(Note 2)

Stainless Steel Bands
(Note 3) Notes

Summary of Observations from June 2014 Dive Inspection of Lake Whatcom Intake Pipeline

43 Not Observed Not Observed
Concrete weight, cross beams, and support braces not evident (assumed buried in silt)
 Concrete mats, one 6' inshore of bent, other 4' inshore of first mat-both in good condition

43-44 0 Not Observed
Core No. 2 removed 6' inshore of Bent 43; installed plug and coated with underwater curing epoxy
Two concrete weight mats between Bents 43 and 44 are intact and in good condition

44 Not Observed Small gap at ends of stave noted near pipe crown, approximately 1/2" wide
Notes

1
2

Numbers in parantheses indicate number of broken carbon steel bands reported in 2000 Golder and Associates inspeciton report.
3 All concrete ballast weights are held in place by two stainless steel bands, unless otherwise noted.  SST bands are also in place around pipe barrel between bents. The note "Tight

around Weight and Pipe" indicates that SST bands around pipe and around concrete weights between bents are all tight.
4
5
6

7
8

9

10

2" diameter armored cable crossing pipeline offshore of Bent 23. Cable is very tight against pipe. Meets lake bed approximately 30 feet from pipeline contact point.  Cable had

Wood in good condition unless otherwise noted; some surface softness (1/8-inch deep or less), but otherwise good condition.
All carbon steel bands were covered with heavy corrosion product indicating advanced stages of corrosion; "0" indicates that no breaks were observed on the carbon steel bands.

2" diameter armored cable crossing top of pipeline just offshore of Bent 22.  Cable is tight against pipe and centered on plastic wear pad.
1/2" diameter lead sheathed cable under pipeline; no apparent change in condition since previous survey.

Two plugs observed where previous core samples appear to have been taken.  One plug is 2' offshore of Bent 40, south side of pipe.  Second plug is 16" inshore of Bent 40 at the 
2 o'clock position (looking inshore).  Plugs in both positions are intact, tight and in good condition.

slipped off wear pad; cable was 'pried' back onto pad with a small bar.  Wear pad between cable and pipe intact and shows little to no abrasion loss.
3.5" diameter armoured cable crossing the pipeline offshore of bent 26.  Cable is sitting on wear pad and wear pad shows little or no sign of wear.
 Flange is 9' inshore of Bent 27; wax tape (Denso) is intact and in good condition.  Metals under wax tape appear to be in good condition.  The three SST alignment screws are intact
and in alignment.
 Flange is 12' inshore of Bent 40; wax tape (Denso) is intact and in good condition.  Metals under wax tape appear to be in good condition.  The three SST alignment screws are intact.
and in alignment.
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Wood Core Sample Condition Testing from 

January 30, 2000 
   



 

































 



 

Appendix H 
Compressive Strength Testing of Wood Stave 

Core Samples from July 20, 2014 
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Summary 

Two wood stave pipe core specimens that had been extracted from an underwater pipeline owned 
by the City of Bellingham were delivered to the University of Washington campus on Monday 
14 July 2014 for the purpose of compression stress testing.  The two specimens will be referred 
to as samples 1 and 2 throughout this report.  

Both samples were delivered to the UW immersed in water in a plastic bag.  The overall shape of 
the samples as delivered was roughly tubular. Since flat and parallel ends were required to 
perform the compression tests, the ends of both samples were squared off using a lathe.  A photo 
of the samples after having been squared off is shown in Figure 1.  

Electronic calipers were used to measure various dimensions at four randomly selected locations 
on each sample.  The average measured dimension was then used during subsequent 
calculations.  These measurements and averages are summarized in Table 1. 

The samples were compression tested using an Instron Model 5585H Universal Test Frame.  One 
tests using each of the two specimens was performed. During a test the sample was placed 
between two platens, and the cross-head of the test frame was then positioned until initial 
“grazing” contact was made between the platen and the sample end.   The test was then initiated 
by moving the cross-head downward at a constant rate of 0.050 in/min, resulting in a 
compressive load being applied and a corresponding shortening of the sample.  The test was 
continued until a cross-head deflection of 1.25 inches had been imposed, i.e., until the length of 
the sample had been decreased by 1.25 inches.  

The load-deflection curves measured for both samples are shown in Figure 2.  The overall 
response of the two samples is considered to be remarkable consistent. Physical properties 
inferred from these measurements are summarized in Table 2.  Some details of the data reduction 
process for each specimen are provided in the following subsections. 

 

Table 1: Sample Dimensions Following Facing in a Lathe 

 Outer Diameter (in) Wall Thickness (in) Height (in) 

S
am

pl
e 

1
 

1 2 3 4 Ave 1 2 3 4 Ave 1 2 3 4 Ave 

1.756 1.754 1.784 1.770 1.766 .656 .604 .667 .734 .665 1.856 1.848 1.840 1.854 1.850 

S
am

pl
e 

2
 

1 2 3 4 Ave 1 2 3 4 Ave 1 2 3 4 Ave 

1.716 1.714 1.709 1.719 1.714 .672 .682 .678 .640 .668 1.800 1.822 1.823 1.823 1.817 



 

Figure 1:  Samples 1 and 2 (left and right, respectively) following facing in a lathe 
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Figure 2: Load-deflection curves for samples 1 and 2 



 

Table 2: Summary of Compressive Properties of Two Wood Pipe Core Samples 

 

 
Initial Elastic 

Modulus 

Compressive 
strength 

perpendicular to 
grain at 0.1 in 

(2.5mm) deflection 

Compressive 
strength 

perpendicular to 
grain at 1.25 in (32 

mm) deflection 
Msi MPa psi MPa psi MPa 

Sample 1 11.9 ksi 82.0 306 2.11 3815 26.3 
Sample 2 15.2 ksi 105 366 2.52 3979 27.4 

 

 

Test of Sample 1 

Photos of Sample 1 (a) prior to initiation of the test and (b) at a cross-head deflection of about 
0.20 inches are shown in Figures 3 and 4, respectively.  Substantial amounts of water were 
forced from the specimen during the test, as is evident in Figure 4.  

The cross-sectional area of sample 1 was nominally 2.30 in2 and the initial (unloaded) length was 
nominally 1.85 in.  These dimensions were used to calculate the engineering stress-strain curve 
for sample 1 shown in Figure 5.  As indicated, a compressive axial strain of 0.054 in/in 
(corresponding to a cross-head deflection of 0.1 in) resulted in a compressive stress of 306 psi 
(2.11 MPa). Similarly, a compressive axial strain of 0.676 in/in (corresponding to a cross-head 
deflection of 1.25 in) resulted in a compressive stress of 3815 psi (26.3 MPa).  These values 
appear in Table 2.  

The stress-strain response at relatively low strain levels is shown in Figure 6.  As indicated, the 
slope of the stress-strain curve at low strain levels was used to infer an initial Young’s modulus 
of 11.9 ksi (82.0 MPa).  

It should be noted that a pronounced time-dependent behavior was observed during and after the 
test.  For example, as previously described a maximum cross-head deflection of 1.25 inches was 
imposed during the test.  Since the initial height of sample 1 was 1.85 in, during the test the 
length of sample 1 was reduced to (1.85 in – 1.25 in) = 0.60 in. Nevertheless, as the specimen 
was unloaded the specimen regained much of its original length.  Immediately upon unloading 
the specimen length was measured as 1.47 in, but after about 10 minutes the unloaded specimen 
length had increased to 1.59 in.  A more rigorous characterization of the time-dependent 
response was beyond the scope of this study. 



 

Figure 3: Sample 1 prior to initiation of the test 

 

Figure 4: Sample 1 subjected to a nominal deflection of about 0.20 inches.  Note the water 
present on the lower platen, which was forced out of the specimen during the test. 
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Figure 5: Stress-strain curve of Sample 1 
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Figure 6: Stress-strain response of sample 1 at relatively low strain levels, used to calculate  
Young’s modulus (E = 11.9 ksi) 



Test of Sample 2 

Photos of Sample 2 (a) prior to initiation of the test and (b) at a cross-head deflection of about 
0.30 inches are shown in Figures 7 and 8, respectively.  As before, substantial amounts of water 
were forced from the specimen during the test, as is evident in Figure 8.  

The cross-section area of sample 2 was nominally 2.20 in2 and the initial (unloaded) length was 
nominally 1.82 in.  These dimensions were used to calculate the engineering stress-strain curve 
for sample 2 shown in Figure 9.  As indicated, a compressive axial strain of 0.055 in/in 
(corresponding to a cross-head deflection of 0.1 in) resulted in a compressive stress of 366 psi 
(2.52 MPa). Similarly, a compressive axial strain of 0.69 in/in (corresponding to a cross-head 
deflection of 1.25 in) resulted in a compressive stress of 3979 psi (27.4 MPa).  These values 
appear in Table 2.  

The stress-strain response at relatively low strain levels is shown in Figure 10.  As indicated, the 
slope of the stress-strain curve at low strain levels was used to infer an initial Young’s modulus 
of 15.2 ksi (105 MPa).  

It should be noted that a pronounced time-dependent behavior was observed during and after the 
test.  For example, as previously described a maximum cross-head deflection of 1.25 inches was 
imposed during the test.  Since the initial height of sample 2 was 1.82 in, during the test the 
length of sample 2 was reduced to (1.82 in – 1.25 in) = 0.57 in. Nevertheless, as the specimen 
was unloaded the specimen regained much of its original length.  Immediately upon unloading 
the specimen length was measured as 1.47 in, but after about 10 minutes the specimen length had 
increased to 1.55 in.  A more rigorous characterization of the time-dependent response was 
beyond the scope of this study.  

 

 

 

 



 

Figure 7: Sample 2 prior to initiation of the test 

 

Figure 8: Sample 2 to a nominal deflection of about 0.30 inches.  Note the water present on the  
 lower platen, which was forced out of the specimen during the test 
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Figure 9: Stress-strain curve of Sample 2 
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Figure 10: Stress-strain response of sample 2 at relatively low strain levels, used to calculate  
Young’s modulus (E = 15.2 ksi) 
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AMTEST Laboratory Results of “Unknown” 

Material 



 



Am Test Inc.
13600 NE 126TH PL
Suite C
Kirkland, WA 98034
(425) 885-1664
www.amtestlab.com

Professional
Analytical
Services

ANALYSIS REPORT

CH2M Hill Date Received: 08/05/14
1100 112th Ave NE Date Reported:  8/21/14
Bellevue, WA  98009-2050
Attention:  Candine Au-Yeung
Project Name: City of Bellingham Water intake pip
All results reported on a dry weight basis.

         _________________________________________________________________________________________________

AMTEST Identification Number 14-A011835
Client Identification Unknown Hard Material  brown
Sampling Date 06/26/14, 13:00

Conventionals dry weight
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Microscope Mineral

Conventionals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Total Solids 49.9 % 0.1 SM 2540G  AB 08/12/14
Total Volatile Solids 3.96 % 0.1 SM 2540-G  AB 08/12/14

Minerals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Calcium 140000 ug/g 2.98 SW-846 6010B  EB 08/14/14
Potassium 55.1 ug/g 5.97 SW-846 6010B  EB 08/14/14
Magnesium 7400 ug/g 0.597 SW-846 6010B  EB 08/14/14
Sodium 109.0 ug/g 2.98 SW-846 6010B  EB 08/14/14
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Total Metals
PARAMETER RESULT UNITS Q D.L. METHOD ANALYST  DATE
Acid Digestion Y SW-846 3050B  EB 08/13/14
Silver < 0.299 ug/g 0.298 SW-846 6010B  EB 08/14/14
Aluminum 2750 ug/g 0.597 SW-846 6010B  EB 08/14/14
Arsenic 1.54 ug/g 0.597 SW-846 6010B  EB 08/14/14
Boron 0.98 ug/g 0.597 SW-846 6010B  EB 08/14/14
Barium 202. ug/g 0.030 SW-846 6010B  EB 08/14/14
Beryllium < 0.0299 ug/g 0.030 SW-846 6010B  EB 08/14/14
Cadmium < 0.1492 ug/g 0.149 SW-846 6010B  EB 08/14/14
Cobalt 0.381 ug/g 0.060 SW-846 6010B  EB 08/14/14
Chromium 2.02 ug/g 0.298 SW-846 6010B  EB 08/14/14
Copper < 0.06 ug/g 0.060 SW-846 6010B  EB 08/14/14
Iron 731. ug/g 0.597 SW-846 6010B  EB 08/14/14
Mercury 0.98 ug/g 0.597 SW-846 6010B  EB 08/14/14
Lithium 3.81 ug/g 0.298 SW-846 6010B  EB 08/14/14
Manganese 137. ug/g 0.060 SW-846 6010B  EB 08/14/14
Molybdenum < 0.299 ug/g 0.298 SW-846 6010B  EB 08/14/14
Nickel 2.16 ug/g 0.298 SW-846 6010B  EB 08/14/14
Phosphorus 112. ug/g 2.98 SW-846 6010B  EB 08/14/14
Lead < 0.6 ug/g 0.597 SW-846 6010B  EB 08/14/14
Sulfur 244. ug/g 2.98 SW-846 6010B  EB 08/14/14
Antimony < 1.78 ug/g 1.79 SW-846 6010B  EB 08/14/14
Selenium 1.50 ug/g 1.19 SW-846 6010B  EB 08/14/14
Silicon 637. ug/g 2.98 SW-846 6010B  EB 08/14/14
Tin 8.30 ug/g 0.597 SW-846 6010B  EB 08/14/14
Strontium 251. ug/g 0.060 SW-846 6010B  EB 08/14/14
Titanium 6.75 ug/g 0.298 SW-846 6010B  EB 08/14/14
Thallium < 1.2 ug/g 1.19 SW-846 6010B  EB 08/14/14
Vanadium 0.741 ug/g 0.597 SW-846 6010B  EB 08/14/14
Yttrium 0.341 ug/g 0.149 SW-846 6010B  EB 08/14/14
Zinc 220. ug/g 0.060 SW-846 6010B  EB 08/14/14

Microscopic exam.  Two distinct materials were found in the mass.  The majority is a brown colored
mineral.  The clear brown crytals appear black in the photos (#6,7,8,9)  The four pictures are of the same
material just different exposures.  Chemial composition suggests the mass is calcium carbonate and silica.

The second material appears brown/gray on the mass.  This is pictured in photo #10.  There are no internal cell
structures. The organic carbon content is 35%.
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Photo 6: Clear Brown Crystals in Mass of Unknown Material 

 

 

Photo 7: Clear Brown Crystals in Mass of Unknown Material 

 



Photo 8: Clear Brown Crystals in Mass of Unknown Material 

 

 

Photo 9: Clear Brown Crystals in Mass of Unknown Material

 



Photo 10: Brown/Gray Material in Mass of Unknown Material 
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QC Summary for sample number: 14-A011835

DUPLICATES
 SAMPLE #  ANALYTE  UNITS  SAMPLE VALUE  DUP VALUE  RPD
 14-A011980  Total Solids  %  72.0  69.2  4.0

MATRIX SPIKES
 SAMPLE #  ANALYTE  UNITS  SAMPLE VALUE  SMPL+ SPK  SPK AMT  RECOVERY
 14-A012294  Silver  ug/g  < 4.5  95.6  96.6  98.96 %
 14-A012294  Silver  ug/g  < 4.5  93.7  96.6  97.00 %
 14-A012294  Aluminum  ug/g  3950  5070  1060  105.66 %
 14-A012294  Aluminum  ug/g  3950  5010  1060  100.00 %
 14-A012294  Arsenic  ug/g  < 9  86.0  96.6  89.03 %
 14-A012294  Arsenic  ug/g  < 9  88.7  96.6  91.82 %
 14-A012294  Barium  ug/g  136.  231.  96.6  98.34 %
 14-A012294  Barium  ug/g  136.  225.  96.6  92.13 %
 14-A012294  Beryllium  ug/g  < 0.45  95.0  96.6  98.34 %
 14-A012294  Beryllium  ug/g  < 0.45  94.4  96.6  97.72 %
 14-A012294  Calcium  ug/g  27000  30000  2500  120.00 %
 14-A012294  Calcium  ug/g  27000  29000  2500  80.00 %
 14-A012294  Cadmium  ug/g  < 2.25  85.00  96.60  87.99 %
 14-A012294  Cadmium  ug/g  < 2.25  84.90  96.60  87.89 %
 14-A012294  Chromium  ug/g  39.9  127.  96.6  90.17 %
 14-A012294  Chromium  ug/g  39.9  129.  96.6  92.24 %
 14-A012294  Copper  ug/g  427.  528.  96.6  104.56 %
 14-A012294  Copper  ug/g  427.  520.  96.6  96.27 %
 14-A012294  Iron  ug/g  3640  4940  1060  122.64 %
 14-A012294  Iron  ug/g  3640  4850  1060  114.15 %
 14-A012294  Potassium  ug/g  2160  3100  966.  97.31 %
 14-A012294  Potassium  ug/g  2160  3080  966.  95.24 %
 14-A012294  Magnesium  ug/g  11000  13000  2500  80.00 %
 14-A012294  Magnesium  ug/g  11000  13000  2500  80.00 %
 14-A012294  Manganese  ug/g  110.  202.  96.6  95.24 %
 14-A012294  Manganese  ug/g  110.  199.  96.6  92.13 %
 14-A012294  Molybdenum  ug/g  13.2  99.1  96.6  88.92 %
 14-A012294  Molybdenum  ug/g  13.2  102.  96.6  91.93 %
 14-A012294  Sodium  ug/g  467.0  2850.  2512.  94.86 %
 14-A012294  Sodium  ug/g  467.0  2830.  2512.  94.07 %
 14-A012294  Nickel  ug/g  9.81  97.6  96.6  90.88 %
 14-A012294  Nickel  ug/g  9.81  97.6  96.6  90.88 %
 14-A012294  Lead  ug/g  < 9  105.  96.6  108.70 %
 14-A012294  Lead  ug/g  < 9  106.  96.6  109.73 %
 14-A012294  Antimony  ug/g  < 27  86.4  96.6  89.44 %
 14-A012294  Antimony  ug/g  < 27  90.0  96.6  93.17 %
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MATRIX SPIKES continued....
 SAMPLE #  ANALYTE  UNITS  SAMPLE VALUE  SMPL+ SPK  SPK AMT  RECOVERY
 14-A012294  Selenium  ug/g  < 18  80.6  96.6  83.44 %
 14-A012294  Selenium  ug/g  < 18  89.4  96.6  92.55 %
 14-A012294  Thallium  ug/g  < 18  65.6  96.6  67.91 %
 14-A012294  Thallium  ug/g  < 18  72.1  96.6  74.64 %
 14-A012294  Zinc  ug/g  815.  887.  96.6  74.53 %
 14-A012294  Zinc  ug/g  815.  872.  96.6  59.01 %
 14-A012373  Zinc  ug/g  24.2  52.5  32.7  86.54 %
 14-A012373  Zinc  ug/g  24.2  52.5  32.7  86.54 %

MATRIX SPIKE DUPLICATES
 SAMPLE #  ANALYTE  UNITS  SAMPLE + SPK  MSD VALUE  RPD
 Spike  Silver  ug/g  95.6  93.7  2.0
 Spike  Aluminum  ug/g  5070  5010  1.2
 Spike  Arsenic  ug/g  86.0  88.7  3.1
 Spike  Barium  ug/g  231.  225.  2.6
 Spike  Beryllium  ug/g  95.0  94.4  0.63
 Spike  Calcium  ug/g  30000  29000  3.4
 Spike  Cadmium  ug/g  85.00  84.90  0.12
 Spike  Chromium  ug/g  127.  129.  1.6
 Spike  Copper  ug/g  528.  520.  1.5
 Spike  Iron  ug/g  4940  4850  1.8
 Spike  Potassium  ug/g  3100  3080  0.65
 Spike  Magnesium  ug/g  13000  13000  0.00
 Spike  Manganese  ug/g  202.  199.  1.5
 Spike  Molybdenum  ug/g  99.1  102.  2.9
 Spike  Sodium  ug/g  2850.  2830.  0.70
 Spike  Nickel  ug/g  97.6  97.6  0.00
 Spike  Lead  ug/g  105.  106.  0.95
 Spike  Antimony  ug/g  86.4  90.0  4.1
 Spike  Selenium  ug/g  80.6  89.4  10.
 Spike  Thallium  ug/g  65.6  72.1  9.4
 Spike  Zinc  ug/g  887.  872.  1.7
 Spike  Zinc  ug/g  52.5  52.5  0.00

STANDARD REFERENCE MATERIALS
 ANALYTE  UNITS  TRUE VALUE  MEASURED VALUE  RECOVERY
 Silver  ug/g  55.1  48.3  87.7 %
 Silver  ug/g  55.1  49.7  90.2 %
 Aluminum  ug/g  1550  1500  96.8 %
 Aluminum  ug/g  1550  1560  101. %
 Arsenic  ug/g  109.  97.7  89.6 %
 Arsenic  ug/g  109.  97.3  89.3 %
 Boron  ug/g  780.  654.  83.8 %
 Boron  ug/g  780.  669.  85.8 %
 Barium  ug/g  608.  528.  86.8 %
 Barium  ug/g  608.  540.  88.8 %
 Beryllium  ug/g  376.  315.  83.8 %
 Beryllium  ug/g  376.  317.  84.3 %
 Calcium  ug/g  14000  14000  100. %
 Calcium  ug/g  14000  14000  100. %
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STANDARD REFERENCE MATERIALS continued....
 ANALYTE  UNITS  TRUE VALUE  MEASURED VALUE  RECOVERY
 Cadmium  ug/g  326.0  251.0  77.0 %
 Cadmium  ug/g  326.0  255.0  78.2 %
 Cobalt  ug/g  390.  300.  76.9 %
 Cobalt  ug/g  390.  303.  77.7 %
 Chromium  ug/g  320.  273.  85.3 %
 Chromium  ug/g  320.  278.  86.9 %
 Copper  ug/g  390.  349.  89.5 %
 Copper  ug/g  390.  352.  90.3 %
 Iron  ug/g  2780  2020  72.7 %
 Iron  ug/g  2780  2000  71.9 %
 Mercury  ug/g  4.32  3.34  77.3 %
 Mercury  ug/g  4.32  3.32  76.9 %
 Potassium  ug/g  11600  10100  87.1 %
 Potassium  ug/g  11600  10200  87.9 %
 Magnesium  ug/g  2400  2000  83.3 %
 Magnesium  ug/g  2400  2000  83.3 %
 Manganese  ug/g  1250  916.  73.3 %
 Manganese  ug/g  1250  924.  73.9 %
 Molybdenum  ug/g  50.8  37.6  74.0 %
 Molybdenum  ug/g  50.8  37.1  73.0 %
 Sodium  ug/g  2880.  2810.  97.6 %
 Sodium  ug/g  2880.  2830.  98.3 %
 Nickel  ug/g  190.  139.  73.2 %
 Nickel  ug/g  190.  140.  73.7 %
 Lead  ug/g  118.  98.4  83.4 %
 Lead  ug/g  118.  97.1  82.3 %
 Antimony  ug/g  177.  125.  70.6 %
 Antimony  ug/g  177.  126.  71.2 %
 Selenium  ug/g  218.  143.  65.6 %
 Selenium  ug/g  218.  147.  67.4 %
 Tin  ug/g  102.  76.9  75.4 %
 Tin  ug/g  102.  77.4  75.9 %
 Strontium  ug/g  316.  256.  81.0 %
 Strontium  ug/g  316.  261.  82.6 %
 Thallium  ug/g  390.  309.  79.2 %
 Thallium  ug/g  390.  312.  80.0 %
 Vanadium  ug/g  364.  308.  84.6 %
 Vanadium  ug/g  364.  314.  86.3 %
 Zinc  ug/g  566.  451.  79.7 %
 Zinc  ug/g  566.  456.  80.6 %
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BLANKS
 ANALYTE  UNITS  RESULT
 Silver  ug/g  < 0.005
 Aluminum  ug/g  < 0.01
 Arsenic  ug/g  < 0.01
 Boron  ug/g  < 0.01
 Barium  ug/g  < 0.0005
 Beryllium  ug/g  < 0.0005
 Calcium  ug/g  0.41
 Cadmium  ug/g  < 0.0025
 Cobalt  ug/g  < 0.001
 Chromium  ug/g  < 0.005
 Copper  ug/g  < 0.001
 Iron  ug/g  0.027
 Mercury  ug/g  < 0.01
 Potassium  ug/g  < 0.1
 Lithium  ug/g  < 0.005
 Magnesium  ug/g  < 0.01
 Manganese  ug/g  < 0.001
 Molybdenum  ug/g  < 0.005
 Sodium  ug/g  < 0.05
 Nickel  ug/g  < 0.005
 Phosphorus  ug/g  < 0.05
 Lead  ug/g  < 0.01
 Lead  ug/g  < 0.01
 Sulfur  ug/g  < 0.05
 Antimony  ug/g  < 0.03
 Selenium  ug/g  < 0.02
 Silicon  ug/g  0.06
 Tin  ug/g  < 0.01
 Strontium  ug/g  < 0.001
 Titanium  ug/g  < 0.005
 Thallium  ug/g  < 0.02
 Vanadium  ug/g  < 0.01
 Yttrium  ug/g  < 0.0025
 Zinc  ug/g  < 0.001
 Zinc  ug/g  < 0.001



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix J – 1998 Harza Engineering Intake 
Report 



  















































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix K – Photographs from 1998 Video 
Inspection of Intake Pipeline 
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