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Presenter Notes
Presentation Notes
Good Morning, For those of you hoping to listen to Mike Barnett this morning, you’ll have to wait until this afternoon when he presents on the St. Johns County Project. I’m Craig Kruempel, a Coastal Scientist at GHD, and I’m presenting on behalf of a much larger team of professionals who supported the Town of Palm Beach on the Lake Worth Inlet Sand Transfer Plant Integrity Assessment Project.  For this effort, we engaged the services of Ballard Marine Construction to support our pipeline integrity documentation efforts. Ballard is a 50-year-old company, established in Washington state as a regional diving contractor that has grown to a nationally recognized heavy civil marine contractor, Ballard provides technical solutions and support on all phases of infrastructure assessment, construction, rehabilitation, and maintenance. 
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Presenter Notes
Presentation Notes
This Project has a number of components. This morning I’ll go through is a brief history of the Inlet and the coastal management strategies associated with the Inlet and adjacent shorelines. Then we’ll delve into the various Project details, and finish with our observations and conclusions.



Introduction

One of two fixed sand transfer plants in 
Palm Beach County, the other at South 
Lake Worth Inlet (Boynton Inlet).

The sand transfer plant is designed and 
operated to move sand from north of the 
Inlet to the Palm Beach Island shoreline.

The Town of Palm Beach owns the Plant 
and has financial responsibility for all 
repairs and upgrades.

Palm Beach County operates the Plant 
under contract with the Town.

Source: BMA, Inc. Town of Palm Beach Sand Transfer Plant Conditions 
Assessment Report. June 19, 2020

“It’s a pump station that sits in the ocean. It doesn’t get 
anymore aggressive in terms of environment between 
the outside conditions and the material we are pumping.”

P. Brazil, PE in A 1950’s-era sand transfer plant still feeds Palm Beach, but constant 
repairs are costly. The Palm Beach Post. March 14, 2022

Presenter Notes
Presentation Notes
With the comprehensive nature of inlet and beach management programs as well as navigation and port operations, I would venture a guess that close to 50% of those of us in the room have worked in or around the Lake Worth Inlet at some point during our careers. For those who haven’t, allow me to provide a brief overview of the Sand Transfer Plant and history of the Inlet before jumping into the work GHD performed for the Town of Palm Beach.Mr. Brazil’s comment is a fantastic description of the situation and one of the reasons the Town engaged the GHD Team to assess the entire facility.The Town of Palm Beach owns the plant and is financially responsible for all repairs and upgrades. Palm Beach County operates the STP under contract with the Town of Palm Beach.



 Lang’s Inlet first established in the 1860’s ~1 mile north of current 
location.

 1877 – Lake Worth Inlet is hand dug by local settlers.
 1918 – Lake Worth Inlet stabilization.
 1935 – Federal Government assumes responsibility.
 1937 – South Lake Worth Inlet (Boynton Inlet) Sand Transfer Plant 

Installation demonstrates that fixed plant operations are effective.
 1954 – Engineer's recommendation that a fixed plant be established at 

Lake Worth Inlet.
 1958 – Sand Transfer Plant commences operations.
 1995 – Lake Worth Inlet Management Plan. 
 1996 – Lake Worth Inlet Management Plan Adoption.
 2008 – Lake Worth Inlet Management Plan Update.
 2013 – Beach Management Agreement Adoption.
 2021 – Sand Transfer Plan Integrity Assessment.

Lake Worth Inlet – Historic Perspective
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References:
• Zurmuhlen, F. H. The Sand Transfer Plant at Lake Worth Inlet. Tippetts Abbett McCarthy Stratton Engineers, New 

York. 1957.
• https://discover.pbcgov.org/erm/Pages/Lake-Worth-Lagoon.aspx
• https://en.wikipedia.org/wiki/Lake_Worth_Inlet

Presenter Notes
Presentation Notes
The history of Lake Worth (Palm Beach) Inlet extends back over 150 years. Key points in the history is the identification of Inlet effects on downdrift shorelines, and opportunities to address those challenges. Construction and operation of the fixed sand transfer plant at South Lake Worth (Boynton) Inlet in 1937 demonstrated the viability of this method of bypassing beach quality sand from north to south.The Lake Worth Inlet Sand Transfer Plant (STP) commenced operation in 1958 and has since undergone numerous modifications and overhauls to maintain functionality.

https://discover.pbcgov.org/erm/Pages/Lake-Worth-Lagoon.aspx
https://en.wikipedia.org/wiki/Lake_Worth_Inlet


FDEP’s Annual Inlet Bypass Objective for Lake Worth Inlet is 202,000 cy/year (2008 IMP Update) 
Inlet Management Strategies
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Reference:
• FDEP. Lake Worth Inlet Management Study Implementation Plan, Certificate of Adoption. 1996.
• FDEP, Office of Resilience & Coastal Protection. Annual Inlet Report. August 2022.

 Reactivate and enhance the 
performance of the existing 
sand transfer plant.

 Bypassing of all beach 
compatible material dredged 
during channel maintenance 
activities to downdrift beaches 
and evaluate expansion of the 
settling basin.

 Between 1996 and 2021, 
management activities at the 
Lake Worth Inlet have 
bypassed an annualized 
volume of 236,629 cy which is 
over 125% of the objective.

Sand 
Transfer 

Plant
Navigation 
Channel

Presenter Notes
Presentation Notes
In 1996, the Florida Department of Environmental Protection (FDEP) adopted the Town’s Strategic Beach Management Plan (updated in April 2020) to include a strategy to bypass an average annual volume of 202,000 cubic yards of sand to the beaches of Palm Beach Island through a combination of Plant bypassing operations and strategic placement of beach compatible material obtained during Federal navigation channel maintenance dredging. Each year the Plant pumps an average of 100,000 cubic yards of sand to the Town’s Reach 1 shoreline.Since 1996, the Town, Palm Beach County and USACE have bypassed over 6 million cubic yards (6,152,348 cy) of beach quality sand to downdrift beaches through the operation of the Plant and maintenance of the Federal navigation channel.



Sand Transfer Plant 
Components

2 -10-inch I.D. HDPE 
Discharge Pipelines

Pipeline Transition 
“Vault”

Primer Well

Discharge Pipeline 
Alignment

Pump House

Presenter Notes
Presentation Notes
The Sand Transfer Plant is comprised of several components. The Pump House – houses the operational equipment associated with the facilitya Priming Well - used to prime the pump assembly before lowering the intake boom into the ocean,The Vault – historically, this housed the valve to transition from the single surficial pipeline from the pump house to switch discharge to one of two original transfer lines under the inlet. We’ll get into the challenges associated with the discharge line functionality later in the presentation,Pipelines running under the Inlet were installed using horizontal directional drilling techniques in the 1990’sDischarge point on the Town’s Reach 1 shoreline.The Plant pumps sand that impounds along the Inlet’s north jetty as a slurry through a pipe underneath the federal navigation channel and onto the downdrift shoreline of Palm Beach Island to a point approximately 200 feet south of the south jetty. 



Integrity Assessment

450 600

 Assets deteriorate through a combination of 
factors including materials, operating 
environment, and degree of internal and 
external stresses.

 The industry standard is to use one of three 
levels of condition assessment:
 Level 1 – Low Accuracy: A desktop analysis 

based on staff knowledge, work order 
history, and asset age.  No actual visual 
inspection of the asset.

 Level 2 – Moderate Accuracy: A field 
inspection or visual assessment (e.g., 
CCTV) of the asset in operation and scored 
according to a defined and standardized 
scoring protocol (e.g., National Association 
of Sewer Service Companies (NASSCO) 
Pipeline Assessment Certification Program).

 Level 3 – High Accuracy: The application of 
inspection technologies such as infrared 
scanning, vibration monitoring, or other 
technologies.

The Town of Palm Beach tasked GHD to perform 
a Level 2 Condition Assessment of the Sand 
Transfer Plant.  The Level 2 assessment 
comprised of a planned, physical walk-through 
visual inspection of the asset’s portfolio to assign 
condition rankings to a representative sample of 
the components of the asset.

Presenter Notes
Presentation Notes
The Town and the GHD Team undertook a Level 2 Condition Assessment of the STP with the goal of developing an understanding of the maintenance schedule of plant components and anticipated costs to maintain them. As defined above, the Level 2 Assessment is a moderate accuracy field inspection and visual evaluation of assets and their components.The intent of this Project was to provide guidance to the Town on what their future maintenance costs may be given the current condition of the Plant. At the end of the Project, a detailed description of short-term, interim and long-term potential maintenance costs were provided to the Town for consideration.



Condition and Risk Assessment

450 600

During the Level 2 assessment of the STP, each asset was identified and inspected then assigned a 
condition rating score from 1 to 5 based on its physical condition. Definitions and descriptions of 
condition ratings are provided below.

Condition 
Score Definition Condition Rating Descriptions*

1 Very Good Sound physical condition to meet current standards. Asset likely to perform acceptably
with routine maintenance for 10 years or more. No work required.

2 Good
Asset shows minor wear. Deterioration has minimal impact on asset performance.
Minimal short-term failure risk, potential for reduced performance in medium term (5-10
years).

3 Moderate / 
Fair

Functionally sound but showing some wear with minor failures and some diminished 
efficiency. Minor component or isolated sections of the asset require replacement or 
repair, but asset still functions safely at acceptable level of performance. Work required 
but still serviceable.

4 Poor
Plant and components function but require a high level of maintenance to remain 
operational. Likely to cause a noticeable deterioration in performance in short-term. No 
immediate risk to health or safety but work required to ensure asset remains safe. 
Substantial work required in short-term, asset barely serviceable.

5 Very Poor Failed or failure imminent. Asset effective life exceeded, and significant maintenance 
costs incurred. Major work or replacement.

* Definitions are adapted from the International Infrastructure Management Manual 5th Edition, IPWEA (2015)

Presenter Notes
Presentation Notes
Condition assessment protocols were developed, with components assigned a condition rating of 1 (very good) to 5 (very poor). This approach is an industry standard and is used in a number of asset and infrastructure evaluations.In addition to evaluation of the mechanical aspects of the Plant, the Town wished to determine the condition of both discharge pipelines under the Inlet and probable reason(s) for the non-functionality of the second discharge line.



Evaluated Assets
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20 categories of general plant components 
were visually assessed and included:
 General Building (walkways, doors, platforms, 

guardrails, lighting, etc.)
 Structural concrete
 Structural steel
 Boom, pulleys, cables, and motor
 Water pump and drive, flexible water pipe, rigid water 

pipe, and jet head
 Sand pump and drive, flexible sand pipe, rigid sand 

pipe, and head
 Electrical switchgear, conduit, and wire
 Slurry discharge pipe above ground level (inclusive of 

both north and south sides of the inlet)
 Subsurface crawler documentation of accessible 

segments of the discharge pipelines

Presenter Notes
Presentation Notes
20 categories of assets were evaluated as part of the Integrity Assessment. These evaluations were performed by a GHD mechanical engineer with extensive asset management experience a construction professional, and a coastal engineer. Over the period of a couple of days, the above ground assets of the Pump House, Vault and Discharge area were documented.



Asset Evaluation

450 600

Presenter Notes
Presentation Notes
The GHD Team used a spreadsheet format to identify specific components of each asset. The number of evaluated items per asset group was determined based on standard protocols and adjusted as needed based on the conditions observed at the Plant. The Level 2 Assessment protocols were then applied to each of the items. Shown here is the data sheet used to evaluate the Pipes and Fittings – Outside the Plant. Additional notes and observations were added as needed and imagery was collected of the inspection points. While this is an important part of the Project, and we were able to provide guidance to the Town on the facility, let’s talk about the high tech aspect of the Project.



Pipeline Assessment – Discharge End

Presenter Notes
Presentation Notes
Investigations and documentation of the discharge lines occurred from April 19 to April 22, 2021. Ballard Marine Construction used their Deep Trekker DT3405 crawler for the inspection and documentation. The crawler shown to the right, is a 4-wheel drive system, with a high-resolution front facing camera capable of rotating 360 degrees with 180-degree tilt function to allow full documentation of the interior of the pipe as it progressed downrange. A fixed high-resolution rear facing camera could be activated during operation to supplement the forward-facing video. In addition to the video documentation capabilities, the crawler also collects orientation data, so angle and distance traveled are documented while it transits the pipeline. The tether reel in the background has about 1500 feet of cable. All equipment, including a small generator was transported to the site each morning on a 4WD Gator utility vehicle. Due to the nature of the project and the need to drive on sections of the beach, the Town and GHD undertook advance coordination with DB Ecological, the Town’s sea turtle nest monitoring team. Before accessing the beach each morning, GHD coordinated with DB Ecological to assure that daily sea turtle monitoring surveys had been completed both north and south of the Inlet and that our work on the beach could proceed. As discussed previously, only one of the two pipelines used to transfer sand is operational. It was believed that the second pipeline (seaward) was inoperable due to being clogged or collapsed. Reports from Palm Beach County’s operators indicated that when connected, the non-functioning line would pass water, but could not discharge slurried material. Because the extent of the blockage and/or collapsed section(s) of pipe was unknown, and the level of effort to clear the blocked line (if feasible) could not be determined, GHD proposed to inspect the two pipelines first, then profile the accessible pipeline sections for ovality and wear. This approach helped us determine whether there were areas of pipe that may be at risk of buckling or collapse and would indicate the remaining sidewall thickness such that an assessment of remaining viable service life could be undertaken. The operable pipeline was thoroughly flushed by the County prior to video inspection.  The non-functioning pipeline was video inspected from both the north and south.  The video data and the lengths of insertion of the crawler and the documentation provided information to make a determination as to the condition of the accessible segments of the pipelines. Based on our observations, the accessible sections of both pipes are in very good shape. Ovality is good and no signs of excess wear was documented.The County installed the No Trespassing sign on the non-functional line because people were using it as a trash can, or target. While they probably use the functional line for the same purpose, once the Plant is activated and water is introduced to the line, any foreign materials are discharged before the slurry material enters the system. Besides coconuts and other debris recovered during the investigation, members of Town staff retrieved a football and numerous toys. Unfortunately, we couldn’t return those items to their owners.



Pipeline Assessment – Discharge End
Functional Line

Distance Documented = ~1,400 linear feet 
(Straight line as measured by crawler)

Maximum Documented Pipeline Angle = <20o

Non-Functional Line
Distance Documented = ~90 linear feet

Maximum Documented Pipeline Angle = >40o

Non-Functional Line
Coarse shell and sand encountered 

at ~80 feet

Presenter Notes
Presentation Notes
The image on the left is from the crawler about 890 feet downrange (northerly direction and under the Inlet) in the functional line. Based on the distance traveled and angles encountered during the investigations, it was determined that the crawler was able to survey the entire functional line a distance of approximately 1400 feet from the south shoreline discharge point, under the inlet and upslope towards the vault on the Inlet’s northern shoreline. On the right are images from the non-function line. Several trips were initiated in the non-functional line during the field operations. The top image shows significant shell hash that was hauled to the entry point during crawler recovery. A very steep decline angle of greater than 40 degrees was documented about 25 feet into the non-functional discharge line, which resulted in crawler rollover on a couple of trips. The team had to recover the crawler, reset it’s upright orientation and restart the mission. After the steep decline, the pipeline slope flattened, but significant shell hash was encountered which prevented further advancement of the crawler. Total penetration from the discharge end of the pipeline was approximately 90 feet.



Pipeline Assessment –
Vault

Presenter Notes
Presentation Notes
Around 2019, the surficial discharge line (on the left in the vault) was replaced from the Plant to the vault location. During this replacement effort, the valve used to switch between the two discharge lines was removed due to the inoperability of the line on the right which was cut off and now sits behind the plywood cover. Because of the recent replacement and the documentation of functionality of the operable line, it was not deemed necessary to open and access the functional line for condition assessment from the sand transfer plant to the vault. After removal of the folding metal security cover, the team accessed the vault area using a short ladder. The depth of the vault is less than six feet from the top of the wall. You’ll note that Dave from Ballard is managing the tether from the top of the vault wall. In a situation like this, trained and fit, young engineers are of absolute value to the project team. Kudos to Nick Bragaia for getting into the vault and removing the plywood covering on the non-functioning line. While the County has a ladder to access the interior of the vault, Nick only used it to get in. Little did we know his youth and physical prowess was going to come in handy.



Pipeline Assessment – Vault
Non-Functional Line 

Distance Documented = ~370 linear feet
(Straight line as measured by crawler)

 ~35 LF a steep downward angle and banking left 
turn was difficult to transit without crawler rollover. 

 ~ 260 LF, deposits of sand and shell occur with a 
wave pattern.

 Forward progression stopped at ~370 LF. Pipe 
cross-sectional area of sediment coverage is 
approximately 40-50%.

Presenter Notes
Presentation Notes
As soon as Nick removed the small plywood cover, he was faced with a wave of somewhat startled cockroaches who had taken up residence in the pipe. Apparently, it’s a rather comfy seaside retreat. Nick was able to exit the vault in a single bound. He then went into ‘Warrior Mode’ and ventured into the vault several times over the remainder of the day to retrieve and deploy the crawler. Side note – no roaches were harmed during the Project.The image to the left is a screen grab from the video that shows a gathering of the ‘residents’ at a distance of 16 feet downrange, and just before the crawler enters the water. At about 35 feet, a steep angle of about 35 degrees and banking turn to the left occurs and was difficult to transit without a rollover of the crawler. It took multiple attempts by Ballard to navigate the incline and left turn before we were able to reach the more gently sloping section of pipe transitioning under the Inlet.At approximately 260 LF of forward progress in the non-functional line, deposits of sand and shell with a wave pattern were documented. Forward progression of crawler stopped at about 370 LF. The cross-sectional area of sediment coverage in the pipe was estimated to be approximately 40-50% and at 370 feet, further advancement was not possible due to concerns over getting the crawler stuck in the pipeline. The crawler was recovered, and the operation was terminated.



Conclusions

450 600

 Overall, the Lake Worth Inlet Sand Transfer Plant is functioning as designed and with condition 
ratings ranging from 1 (Very Good) to Four (Poor) assigned to the 20 asset categories we 
evaluated.

 The Plant and it’s associated assets were rated at 3.05 - Functionally sound but showing some 
wear with minor failures and some diminished efficiency. Minor component or isolated sections of 
the asset require replacement or repair, but asset still functions safely at acceptable level of 
performance.

 The only asset that was assigned a rating of 4 was the Crane Structure due to the advanced stage 
of corrosion observed on the steel that supports the boom and other components that are critical 
to its continued operation.

 The excess slope (>40-degree decline) in the non-functional discharge line as it transitions back 
up to the beach south of the Inlet may be the functionality issue with this asset. Remedial 
measures may be available to bring this line back into service without complete replacement, but 
additional investigations are necessary to further define the challenges.

 The Lake Worth Inlet Sand Transfer Plant is a critical component of the Town’s overall Coastal 
Management strategy. Continued operation of the facility is recommended.

Presenter Notes
Presentation Notes
Overall, the Lake Worth Inlet Sand Transfer Plant is functioning as designed and with condition ratings ranging from 1 (Very Good) to Four (Poor) assigned to the 20 asset categories we evaluated. As a whole, the Plant and it’s associated assets were rated at 3.05 - Functionally sound but showing some wear with minor failures and some diminished efficiency. The continued operation of the Lake Worth Inlet Sand Transfer Plant is recommended to help ensure that the sand bypassing objectives as stipulated in the Lake Worth Inlet Management Plan and the updated 2020 Strategic Beach Management Plan continue to be met. According to the FDEP Office of Resilience and Coastal Protection Annual Inlet Report (August 2022), the bypassing objective is currently being exceeded by nearly 26 percent, with an average annual bypass volume of 236,629 cubic yards of material. The STP as it currently functions is clearly capable of bypassing a significant volume of sand on an annual basis. When coupled with the placement of beach compatible sand derived from maintenance dredging of the Federal navigation channel, the Town and their teaming partners have developed an effective and successful beach management strategy. 
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