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REMEDIAL ACTION PLAN REVIEY CHECKLIST 
Bureau of Yaste CLeanup 

FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION 

Facility Name: Alpha Delta Pier 

Location: Naval Station, Mayport 

FAC ID# EDI #: 

Reimbursement Site: 

State Contract Site: 

Enforcement Case: 

[ ] 

[ ] 

[ ] 

Reviewer: Date: ______________ Consultant: ABB Environmental Services, Inc. 

Date of QAPP Approval: 

Date of CAR Approval: 

lli.tl.tl I. General 

~ (1) RAP signed, sealed, and dated by Florida P.E. (per FS 471.025) _Y:....:E:..:S'--_____________ _ 

(2) remediation by State cleanup program is proposed (yes/no) __ N:.:;O=--__________________________________ _ 

~ (3) summary of CAR conclusions and results included in RAP __ Y:....:E:..:S'--______________________________ _ 

(4) sampling results within six months Latest sampling event: May 1993 (after CAR approval) 

(5) underground storage tanks and product lines have tested tight no UST's, pipes tested tight 

(6) method of potable water supply to area indicated NS Mayport potable water system 

(7) underground utilities which may enhance contaminant transport shown YES - Figures 2-4 and 2-5 

(8) estimated time of cleanup provided YES (see calculations in Appendix B) 

APP. B (9) fencing treatment area considered YES - hazardous materials storage building 

(10) discussion of proposed equipment maintenance provided YES, sections 4,4, 4.5, 4.6, and 7.0 

(11) all local, State, and Federal permits obtained and conditions stated in RAP ~YE~S~ ________________ _ 

(12) cost estimate for project with breakdown of capital and O&M costs provided YES, section 5.0 

(13) feasibility of leasing equipment considered (cost cannot exceed purchase price) ~N~/~A~ ____________ __ 

(14) cost effective analysis provided if design is innovative system selection discussed in section 3.0 

~ (15) statement that signed and sealed as·built (record) drawings to be provided __ Y:....:E:..:S'--________________ ___ 

II. Free Product Removal 

(1) description of free product recovery system provided __ Y:....:E~S~·~s~e~c~t~io~n~4~.~3~ __________________________ _ 

(2) disposition of recovered free product discussed __ Y~E~S~-~s~e~c~t~io~n~4~.~3'__ ______________________________ _ 

~ (3) automated product pump shutdown for high level in product tank ~N~A~ ______________________________ _ 

_ N_A __ (4) oi l/water separator calculation provided (e.g., detention time) _""'NA"'-______________________________ _ 

III. Soil Remediation - General 

_N_A __ (1) Hazardous soils (e.g., ignitable, corrosive, reactive, toxic, or petroleum refining waste) to be disposed 

of properly No Hazardous Soils Anticipated 

_N_A __ (2) Excessively contaminated soi ls (per soi l guidance manual) to be remediated ________________________ _ 

_ N_A __ (3) Effect of soil leachate from non-excessively contaminated soils (e.g., 10-500 ppm/OVA) upon groundwater 
contaminant levels evaluated ______________________________________________________________________ _ 

_ N_A __ (4) Disposition of excavated, contaminated soils discussed NA - Excavation is not proposed. 
~ (5) Volume of all contaminated soi ls estimated ______________________________________________________ __ 

(6) Rationale for 'no action' alternative for soil remediation provided __ S~e:..:e~s~e~c~t~i~on~3~.~0'__ ______________ _ 



IV. Landfarming of Soil 

_N_A __ (1) Must have total recoverable hydrocarbon concentrations in soil less than 500 mg/kg by EPA Draft Method 9073. 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A_ 

_N_A _ 

NA 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Adequate surface area available ( ___ sf) to spread soil 6" to l' thick NA 

Location of landfarming operation if different from facility location NA 

Landfarming area is flat (less than 5% slope) NA 

Impermeable base provided. Type: NA 

Surface water runoff controls provided NA 

Groundwater monitoring plan proposed NA 

Frequency of tilling provided NA 

Frequency of nutrient application provided (if proposed) NA 

Soil sampling frequency and sampling methods provided NA 

_ N_A __ (11) Underlying soil and groundwater monitoring procedures provided and acceptable __ N"'A"--________ _ 

_ N_A __ (12) Landfarming will be continued until the TRPH concentration is 10 ppm or less (by EPA Draft Method 9073) 

and the BTEX concentration is less than 100 ppb (by EPA Method 5030/8020); or TRPH concentration is 50 ppm or 

less, and PAH concentration is 6 ppm or less, and VOH concentration is 50 ppb or less. _~N~A~ ______ __ 
_ N_A __ (13) Impact of air emission considered __ N"'A"--___________________________ _ 

V. Landfilling of Soils 

_N_A __ (1) Landfill lined _~N~A~ __________________________________ _ 

_ N_A __ (2) Name and location of landfill provided along with conditions of acceptance _--"'NA"--_________ _ 

VI. Thermal Treatment 

_N_A __ (1) Name and location of thermal treatment facility provided _~NA~ __________________ __ 

_ N_A __ (2) Faci l ity is permitted for thermal treatment of contaminated soi ls _"'NA"--______________ _ 

_ N_A __ (3) Influent and effluent sampling frequency and analytical methods are appropriate _~NA,,--_______ _ 

~ (4) Thermal treatment will reduce TRPH in the soil to 10 ppm by EPA draft Method 9073 or less, and the BTEX 

concentration to less than 100 ppb by EPA Method 5030/8020 (see IV.(12» _!!!NA"--____________ _ 

VII. Soil Vacuum Extraction 

_N_A __ (1) Location of extraction and monitoring welles) provided along with construction details _______ __ 

_ N_A __ (2) On-site pilot system (field testing of system with vacuum piezometers) or modeling required unless pilot 

study would be simi lar in scale to proposed treatment system ____________________ _ 

_ N_A __ (3) Air phase treatment equipment description to be provided during the first two months of system operation 

_ N_A __ (4) Vacuum pump description, flowrate ( ____ cfm), and operating vacuum in Hg) provided ______ __ 

_N_A __ (5) Surface sealing provided for vacuum extraction (yes/no) 
_N_A __ (6) Explosion-proof vacuum pump provided _____________________________ _ 

_ N_A __ (7) Vacuum gauge provided ____________________________________ _ 

_ N_A __ (8) Knock out/condensation trap provided _____________________________ _ 

_ N_A __ (9) system monitoring proposal provided ______________________________ _ 

_ N_A__ a) air emission to be sampled and analyzed monthly per Department guidance ____________ _ 
b) soil cleanup criteria provided _______________________________ __ 



VIII. Groundwater Extraction 

__ N_A ___ (1) Feasibility of using existing on-site wells for groundwater extraction considered __________________ __ 

__ N_A ___ (2) Recovery well or trench location(s) and construction details included ____________________________ ___ 
__ N_A ___ (3) Screening interval appropriate ________________________________________________________________ _ 

__ N_A ___ (4) Predicted horizontal and vertical area of influence with hydraulic gradient provided ________________ _ 

__ N_A ___ (5) Expected drawdown in recovery well or trench ( __ ft) 

__ N_A ___ (6) Has mUltiple well configuration been considered to minimize drawdown and product adsorption onto the soils 
in the cone of depression ________________________________________________________________________ __ 

__ N_A ___ (7) groundwater pump(s) description, pump characteristic curve, design flowrate gpm at ___ ft TDH) 
provided ____________________________________________________________________________________ _ 

a) hydraulic design (including friction losses and suction lift requirements) acceptable. 

__ N_A ___ (8) pneumatic or peristaltic pump considered if design flow is less than 5 gpm ________________________ __ 

a) I fused, perf 0 rmance spec i f i cat ions provi ded _______________________________________________ ___ 

__ N_A ___ (9) automated well level controls provided for shutting down groundwater pump(s) _____________________ _ 

__ N_A ___ (10) totalizing flowmeter installed on influent line from every groundwater recovery pump _____________ _ 

__ N_A ___ (11) check valve provided on pump discharge piping if not integral to pump ____________________________ _ 

__ N_A ___ (12) shutoff/throttl ing valve provided on pump discharge piping ______________________________________ _ 

IX. Groundwater Treatment System - General 

__ N_A ___ (1) expected or calculated influent concentrations acceptable (based upon pumping test dynamic sample, weighted 

averaging procedure, or other reasonable assumptions) in situ treatment proposed 

__ N_A ___ (2) feasibility of discharge to sewage treatment plant evaluated ______________________________________ _ 

__ N_A___ a) consideration given to less time and/or level of treatment required to meet sewage system's pretreatment 
standards _______________________________________________________________________________ _ 

(3) site piping plan, and schematics of ~ treatment components, piping, valves, controls and appurtenances 

provided Site layout and treatment system drawings provided in Figures 4-1,4-4, B-1, and B-6 

a) influent and effluent sampl ing ports provided ....!.Y.!:.E~S ________________________________________ _ 

b) pi pi ng type and size provi ded _.!.CYE:.:S~-___.!.r~ec!.f=_e!...r_t~o:!....!:A!l:p~p"'e!!n"'_d_'_'i x"--'B'----________________________________ ___ 

__ N_A ___ (4) iron level in groundwater provided ( _____ mg/l) from representative dynamic or static sample(s) and 

pretreatment for iron removal considered in situ treatment proposed, iron considered in bench tests 

__ N_A ___ (5) pretreatment or O&M for biofoul ing provided __ N!!!A~ ________________________________________________ _ 

(6) adequate remediation proposed for other contaminants (e.g., MTBE, PAHs, EDB,1-2 dichloroethane) ~ 

_ N_A_ 

_N_A_ 

X. Air Stripping Treatment Process 

(1)Packed Tower 

a) type, size, and surface area of packing provided __________________________________________ _ 

b) calculations, criteria (tower height, diameter, packing height, air flowrate, blower horse-
power)/design parameters provided __________________________________________________________ _ 

__ N_A___ c) method/procedure for determining Kia or HTU given _________________________________________ _ 

__ N_A___ d) pressure gauge provided to indicate the effects of fouling over time _______________________ _ 
__ N_A___ e) mi st eli mi nator provi ded _______________________________________________________________ _ 

__ N_A___ f) observation port provided ______________________________________________________________ __ 

(2)Diffused Aerator 

__ N_A___ a) calculation, criteria, (contact time, air flowrate, pressure drop, calculated efficiency) and design 
assumptions provided __ ~N~A~ ________________________________________________________________ _ 



_ N_A_ 

~ 

_ N_A_ 

_N_A_ 

(3) General 

a) maximum ambient air impact calculations provided --'N""A"--__________________ _ 

b) equipment description provided if emissions treatment necessary ______________ _ 

c) automated recovery well shutdown when blower failure occurs _________________ __ 

d) daily analysis screening with portable GC, or other appropriate measures, during system startup 
unti l system consistently meets discharge criteria ___________________________ _ 

XI. Carbon Adsorption Process 

_N_A __ (1) carbon specification provided ____________________________________ _ 

_ N_A __ (2) carbon unites) sizing calculations (carbon usage rate*, contact time*, pressure losses)/design assumptions 
provided --'N~A~ _____________________________________________ _ 

_ N_A __ (3) isotherm data from pi lot study needed if carbon adsorption used as primary treatment and total VOA 

concentrations are appreciable (VOA > 100 ppb typically) in order to estimate carbon capacity required and 
sampling frequency --'N""A"--__________________________________________ __ 

_ N_A __ (4) TOC in groundwater determined and effect on treatment process considered _____________ _ 

_ N_A __ *(5) sand filter or cartridge unit considered prior to carbon unit ___________________ __ 

_ N_A __ *(6) pressure gauge and pressure release valve provided on carbon (and sand) fi l ter _-'N""A"--________ _ 

_ N_A __ *(7) carbon disposal and replacement method discussed ___________________________ _ 

_ N_A __ *(8) two carbon units in series considered to allow for maximum carbon utilization and to prevent breakthrough 
of contaminant in system effluent ___________________________________ _ 

_ N_A ___ (9) automated recovery well shutdown if primary carbon unit pressure too high ________________ __ 

_ N_A __ *(10) schedule for sampling between carbon adsorption units provided ___________________ _ 

* only item required for polishing carbon units 

XII. Lead Removal 

(1) lead concentrations; unfiltered ( __ ppb), background ( __ ppb), and if unfiltered> 50 ppb, filtered (ppb) 

Latest sampling event detected lead at 35 ppb (filtered). less than the 50 ppb maximum for G-III 

~ (2) discussion of area of lead contamination provided _N"'A"-_______________________ _ 

~ (3) if unfiltered sample greater than 50 ppb and filtered sample less than 50 ppb, lead removal filtration 
system proposed _-'N""A"--__________________________________________ _ 

~ (4) method of lead removal with pertinent design calculation provided _-'N"'A"-__________________ _ 

XIII. In Situ/Enhanced Bioreclamation 

(1) groundwater parameters determined (pH, DO, TDS, N, P, Temp, TOC, and Alk, etc.)_Y~E~S~ ________ _ 

(2) monitoring program discussed. TOC to be monitored ----'S~e~e"-"s""e"'c"'t.!.io"'n"__'4~.""6~ __________________ _ 

(3) additional oxygen source provided YES - see section 4.2 and Appendix B 

(4) oxygen and nutrients adequately applied to contaminated area _Y~E~S~-~s~e~e~A~p~p~e~n~d~i~x~B __________ _ 

(5) suitable soils present (non-clayey, good transport, low adsorption properties) _Y~E~S~ ________ _ 

(6) bench scale and/or in situ pilot study proposal provided Bench tests completed, monitor at start-up 

XIV, Infiltration Gallery 

_N_A __ (1) field percolation test (preferably with double ring infiltrometer) provided if gallery base is located in 
the vadose zone ____________________________________________ _ 



_N_A_ (2) infiltration gallery construction details and location provided 

_N_A_ (3) gallery calculation/assumptions provided with mounding analysis 

_N_A_ (4) piezometer and cleanout pipe provided in gallery 

_N_A_ (5) geotextile filter fabric to be installed around and above gallery 

_N_A_ (6) discussion or modeling of gallery's effect on plume migration provided 

xv. Injection Well 

__ N_A ___ (1) injection well location and proposed construction details provided _N~A~ __ _ 
__ N_A ___ (2) screening interval appropriate __ ~N~A~ __________________________________________________________ __ 

_N_A_ 

_N_A_ 

_N_A_ 

~ 
_N_A_ 

~ 
_ N_A _ 

(3) effluent discharge pump description, pump characteristic curve, and design flowrate( ___ gpm at _ 
_ ft TDH) provi ded __ ...!:N~A,----__________________________________ _ 

(4) carbon polishing unit provided NA 

(5) air release valve provided on highest point of effluent discharge piping NA 

(6) injection rate (well hydraulics) calculations provided NA 

(7) UIC permit conditions met NA 

(8) injections well's effect on potable wells and plume migration provided NA 

XVI. Alternative Disposal Methods 

(1)for surface water discharge 

a) conditions of NPDES general permit no. FLG040001 met ______________________________________ __ 

b) after RAP approval, NPDES notice of intent to be submitted to EPA __________________________ __ 

__ N_A ___ (2) if appl icable, consumptive use permit obtained from water management district ___ N~A~ ________________ _ 

__ N_A ___ (3) approval from municipality for sewer discharge and alternate cleanup levels with conditions provided ~ 

__ N_A ___ (4) applicable permits obtained for stormwater discharge ____________________________________________ _ 

XVII. Sampling Requirements 

(1) designated monitoring wells chosen and sampling frequency adequate (recommend monthly for asymptotic curve 

det ermi na t i on and qua r t er l y ot h erw i se) ___ Y!..!E'"'S!....._---2s=:e=:e...,;s~e~c:..!t:.!i~0:!..!n...:4:!..:..!. 6~ ______________________________________ _ 

__ N_A ___ (2) weekly sampling of influent from recovery welles) and effluent at treatment system for first month, monthly 
sampling for first year acknowledged __ S~e~e~s~e~c~t~i~on~4~.~6!....._ ______________________________________________ __ 

(3) filing of annual status reports acknowledged __ Y!..!E~S~-~s~e=c~t~io~n~4~.~6!....._ __________________________________ _ 

(4) water table contours and depth and extent of free product to be determined at monthly or quarterly sampling 

event YES - see sections 4.3 and 4.6 

(5) sampling program includes appropriate contaminants/procedures as specified in 17-770.008 YES-section 4.6 

(6) periodic maintenance and site inspection limited to twice a month for first quarter, monthly thereafter 

YES - see section 4.6 

NA NOT APPLICABLE 





FOREWORD 

Subtitle I of the Hazardous and Solid Waste Amendments (HSWA) of 1984 to the 
Solid Waste Disposal Act (SWDA) of 1965 established a national regulatory program 
for managing underground storage tanks (USTs) containing hazardous materials, 
especially petroleum products. Hazardous wastes stored in USTs were already 
regulated under the Resource Conservation and Recovery Act (RCRA) of 1976. 
Subtitle I requires that the U. S. Environmental Protection Agency (USEPA) 
promulgate UST regulations. The program was designed to be administered by 
individual States, who were allowed to develop more stringent, but not less 
stringent standards. Local governments were permitted to establish regulatory 
programs and standards that are more stringent, but not less stringent than 
either State or Federal regulations. The USEPA UST regulations are found in the 
Code of Federal Regulations, Title 40, Part 280 (40 CFR 280) (Technical Standards 
and Corrective Action Requirements for Owners and Operators of Underground 
Storage Tanks) and 40 CFR 281 (Approval of State Underground Storage Tank 
Programs). 40 CFR 280 was revised and published on September 23, 1988, and 
became effective December 22, 1988. 

The Navy's UST program policy is to comply with all Federal, State, and local 
regulations pertaining to USTs. This report was prepared to satisfy the 
requirements of Chapter 17-770, Florida Administrative Code (FAC) (State 
Underground Petroleum Environmental Response) regulations on petroleum 
contamination in Florida's environment as a result of spills or leaking tanks or 
piping. 

Questions regarding this report should be addressed to the Commanding Officer, 
Naval Station, Mayport, Florida, or to Southern Division, Naval Facilities 
Engineering Command (SOUTHNAVFACENGCOM), Code 1847, at 803-743-0528 (AUTOVON 563-
0528). 
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EXECUTIVE SUMMARY 

Groundwater contamination exceeding regulatory standards has been identified at 
the Alpha Delta Piers at Naval Station (NAVSTA) Mayport, Florida. Free product 
has been observed at the site in the past, but currently appears to be absent. 
Contaminated groundwater and possibly free product infiltrate a storm drainage 
pipe and discharge to the turning basin. The surficial aquifer in the vicinity 
of NAVSTA Mayport is classified according to the criteria specified in Chapter 
17-3, Florida Administrative Code, as G-III. 

A remedial strategy of containment and source abatement is proposed. The 
proposed containment actions will prevent future discharges of contaminated 
groundwater from the site into the turning basin. Source abatement actions will 
include monitoring and removal of any free product that may be present and the 
reduction of contaminant concentrations by in-situ biodegradation. A monitoring 
program is proposed that will allow for measurement of the progress of the 
remediation and provide feedback for maximizing the system's operating 
efficiency. 
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1.0 INTRODUCTION 

A Contamination Assessment Report (CAR) for the Alpha Delta Pier at Naval Station 
(NAVSTA) Mayport, Florida, was submitted by ABB Environmental Services, Inc. 
(ABB-ES), in November 1992 to Southern Division, Naval Facilities Engineering 
Command (SOUTHNAVFACENGCOM). A CAR Addendum (CARA) was submitted in April 1993. 
After submittal of the CARA, ABB-ES was authorized by SOUTHNAVFACENGCOM to 
develop a Remedial Action Plan (RAP). This work is being performed under 
Contract Task Order (CTO) No. 16 of the Comprehensive Long-term Environmental 
Action, Navy (CLEAN) contract. 

1.1 PURPOSE. The purpose of this RAP is to present a plan for remediation of 
petroleum contamination at the Alpha Delta Pier site. The RAP presented herein 
is designed for implementation at the Alpha Delta Pier site and, when 
implemented, will result in a reduction of the level of petroleum-related 
contamination in the soil and groundwater in accordance with the requirements of 
Chapter 17-770, Florida Administrative Code (FAC). 

1.2 SCOPE. This RAP presents the rationale for the remedial actions to be 
implemented at the Alpha Delta Pier. Implementation of remedial actions 
described in this RAP will include the following tasks: 

monitoring of existing wells for free product and manually recovering 
product as necessary; 

rehabilitation of the stormwater pipes in the area of contamination by 
the installation of slip linings; 

application of oxygen and nutrients to the vadose zone soils and aquifer 
to enhance natural biodegradation; 

startup testing of the system to optimize efficiency; and 

maintenance, operation, and monitoring of the system for up to 2 years. 

MP _ALPHA. RAP 
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2.0 BACKGROUND 

2.1 SITE DESCRIPTION. NAVSTA Mayport is located about 15 miles east-northeast 
of downtown Jacksonville, Florida (Figure 2-1). NAVSTA Mayport was established 
in 1942 on approximately 700 acres of land. NAVSTA Mayport is primarily involved 
in intermediate level maintenance of equipment, ships, aircraft, and other 
support units assigned to that part of the Second Fleet, which is stationed at 
the facility. 

The turning basin, where ships are docked and serviced, is located in the 
northern part of the station. The Alpha Delta Pier site, approximately 1,450 
feet long and 70 to 80 feet wide, is located on the southwest side of the turning 
basin (Figures 2-2 and 2-3). 

2.2 SITE HISTORY. The Alpha Delta Pier is actually two contiguous piers, Alpha 
Pier and Delta 1 Pier. Alpha Pier, the original pier at NAVSTA Mayport, has been 
constructed in stages (Figure 2-4). According to Public Works personnel, the 
first stage of Alpha Pier was in place by 1958. The pier bulkhead was 
constructed with a double wall of steel sheet piles. The space between the steel 
pile walls was filled with grout. The walls and grout were pinned together with 
1.5- inch diameter tierods. The original wall was driven to various depths, 
generally extending to 49 feet below the mean low water (MLW) level, with a 
dredged depth of about 30 feet below MLW level. The pier was approximately 40 
feet wide. 

The widening of Alpha Pier began in ~980. The pier was extended laterally into 
the basin some 40 feet. Construction consisted of cellular cofferdams. Each 
cofferdam consists of steel piles, driven to depths ranging from 38 to 48 feet 
below MLW level. Each cell was backfilled. From the drilling program, it 
appears that the upper few feet of backfill may have consisted of construction 
debris and dredge materials, although the record construction drawings indicate 
the cells were backfilled with compacted sand. The top of the pier was capped 
with a compacted limerock base and 3 inches of asphaltic concrete. Steel sheet 
piles in contact with the basin water were covered with an epoxy seal to a depth 
of 38 feet below MLW level. 

Delta Pier is divided into four parts, Delta 1 through Delta 4 piers. Only that 
part that adjoins Alpha Pier, Delta 1, was investigated during the contamination 
assessment (CA). Delta 1 was constructed in 1961. Exact construction details 
of the Delta Pier are unknown, but are thought to be similar to the original 
construction design of Alpha Pier. Delta Pier was capped with a compacted 
limerock base and asphaltic concrete surface. 

There are existing underground utilities throughout the pier area. The 
approximate locations and the distribution density of the known utilities are 
illustrated in Figure 2-5. These utility lines include fuel and oily waste steel 
pipelines, electrical, stormwater, wastewater, sanitary sewer, potable water, 
steam, and compressed air lines. The original fuel lines were installed in 1959 
and 1960. The original oily waste lines were installed in 1961. These product 
transfer lines transport JP-5, diesel fuel marine (DFM), and waste oil. All of 
these steel pipelines range between 6 and 12 inches in diameter and are connected 
to a distant fuel farm. 
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In 1985, product loss was discovered in a DFM line. A break in the pipeline was 
detected at the junction of the Alpha and Delta piers. It was estimated that 
more than 500 gallons of fuel were released. Personnel from the facility's 
Public Works department were unable to state exactly which fuel line was involved 
with the product loss. The break in the line was repaired, and some lost product 
was recovered immediately after repairs were completed. The amount of product 
recovered is unknown. In August 1988, 3Yz inches of free product were discovered 
in an electrical utility manhole. The manhole is located on Alpha Pier, south 
of the 1985 DFM pipeline break area. Approximately 1,000 gallons of an oil and 
water mixture was removed from the manhole. The pipeline break was reported in 
writing by the Public Works Department to the Florida Department of Environmental 
Regulation (FDER) (now known as the Florida Department of Environmental 
Protection [FDEP)) in October 1989. 

In January 1990, a DFM pipeline was cut during excavation operations at the west 
end of Alpha pier. In a January 1990 written report to FDER, it was estimated 
that the amount of released product was less than 1,000 gallons. During repair 
operations, an unknown quantity of contaminated soils were removed from the site 
and transported to a permitted incineration facility. 

The January 1990 report also noted the discovery of old oily waste product in the 
excavation area, indicating a previous product release. As a result, fitness 
tests were conducted on the oily waste and fuel pipelines. The oily waste 
mainline is a gravity flow system and does not allow for in-line testing or 
sampling until it is discharged into a common receiving vessel. Specific 
identification and location of suspect piping is not possible. As a result, the 
oily waste mainlines were tested with a dye tracer. The dye test indicated that 
an oily waste line was leaky. The test also indicated that the storm drain lines 
were leaky and receiving petroleum product from the lines and/or contaminated 
soils and groundwater. 

The DFM pipeline system is regularly pressure tested by the Naval Supply Center 
(NSC) Fuel Department. No apparent leaks were reported to have been found in any 
of the pressurized lines. 

In the spring of 1992, a new water line was installed at the Alpha and Delta 
Piers. At that time, some contaminated soil was removed from the area where the 
break had occurred. Some of the soil was incinerated at an offsite facility. 
The remainder of the soil, contained in 24 55-gallon drums, is scheduled to be 
or has been incinerated at an offsite facility. Subsequent to the installation 
of the new water line, both Alpha and Delta 1 Piers were repaved with a compacted 
limerock base and 4 inches of asphaltic concrete. 

During periods of rain and at low tide, a sheen is sometimes evident at the 
discharge point of the storm sewer that empties into the turning basin near the 
intersection of the Alpha and Delta piers. Absorbent booms have been placed at 
the point of discharge of the storm sewer. The storm sewer is located between 
Buildings 2 and 36. The storm sewer in question is downgradient of the location 
of the 1985 DFM pipeline break. 

2.3 SUMMARY OF CONTAMINATION ASSESSMENT REPORT (CAR) FINDINGS, CONCLUSIONS, AND 
RECOMMENDATIONS. As a result of the various product loss events, a CA was 
performed by ABB-ES from June 1992 through September 1992. The objectives were 
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to identify petroleum contaminants and their likely sources at the site, assess 
the degree and extent of petroleum contamination in the soil and the groundwater, 
and recommend remedial actions, if necessary, to attain compliance with State 
regulations. During this investigation, a previously unknown area of 
contamination was detected. Evidence indicated that the Dl-2 oily waste riser, 
a waste receptacle at the Delta Pier, had leaked at some time in the past. This 
riser has not been in service for over 3 years; therefore, the contaminant source 
is considered abated. 

Fifty-nine soil gas sample sites, 24 soil borings, 22 shallow monitoring wells, 
and 2 deep monitoring wells were advanced or installed at the site. Soil gas 
samples, organic vapor analysis samples, gas chromatograph samples, and soil and 
groundwater quality samples were collected. Soil and groundwater quality samples 
were analyzed for petroleum constituents of the used oil analytical group as 
defined in Chapter 17-770, FAC. The findings, conclusions, and recommendations 
of the CAR are summarized below. 

2.3.1 CAR Findings 

Soil encountered during drilling operations was mostly fill material. Soil 
typically consisted of very fine-grained sand, silt, shell material, and 
construction debris, such as concrete. Naturally occurring sediments 
consisted of fine-grained sand and shell beds. 

Only the surficial, unconfined aquifer was encountered during drilling 
operations. The base of this aquifer was not determined during the field 
investigation. A literature search indicates that the base of the aquifer 
is approximately 70 feet below land surface (bls). 

Water in the upper part of the unconfined surficial aquifer is relatively 
fresh. Generally, over much of the facility, groundwater at depths greater 
than 40 feet bls becomes brackish and is classified as G- III. At the site, 
groundwater becomes brackish at depths greater than 50 feet bls. 

Groundwater beneath much of the site was encountered at approximately 4.0 
feet bls. At the relict beach ridge, a topographic high inland of the pier 
(Figure 2-6), water was encountered at up to 17 feet bls. 

The overall direction of groundwater flow is northerly toward the bulkheads 
and turning basin. 

Contaminated soil was detected beneath the Alpha and Delta 1 piers. 
Contaminated soil is located near and west of the Dl-2 oily waste riser and 
in the vicinity of the 1985 DFM pipeline break. 

Contaminants detected in the soil include total recoverable petroleum 
hydrocarbons (TRPH), extractable organics, naphthalenes, volatile organic 
aromatics, petroleum related tentatively identified compounds, arsenic, 
barium, chromium, and lead. 

Free product was measured in monitoring well MPT-1406-l6 with a thickness 
of 2 inches. The product appears to be weathered. Free product was not 
detected in any other monitoring well. Free product was detected in two 
utility (electrical and telephone) manholes. Both manholes are located 
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between monitoring well MPT-1406-l6 and the 1985 DFM pipeline break. Free 
product was measured at 1 inch in one manhole and l~ inches in the other. 
Free product was not detected in any other manhole. 

2.3.2 

Groundwater contaminants identified during the CA include total volatile 
aromatic hydrocarbons (benzene, ethylbenzene, toluene, andxylenes [BTEX]), 
polynuclear aromatic hydrocarbons, total naphthalenes (naphthalene, 
l-methylnaphthalene, and 2-methylnaphthalene), TRPH, arsenic, chromium, and 
lead. 

Concentrations of contaminants in groundwater quality samples that equal 
or exceed standards or target levels as established by the FDEP for G-II 
groundwater include benzene, polynuclear aromatic hydrocarbons, total 
naphthalenes, and TRPHs. 

Groundwater contamination is located at two areas: (1) in the vicinity 
west of the oily waste riser, Dl-2; and (2) in the vicinity of the 1985 DFM 
pipeline break. In general, contamination appears to be restricted to the 
pier areas. At the 1985 DFM pipeline break, contamination extends from the 
bulkhead to approximately 150 feet inland along Maddox Avenue. 

The diesel fuel marine pipeline has been repaired. The oily waste riser 
has been taken out of service. The sources of contamination have been 
abated. 

Evidence of contamination was not found during the CA at a location in the 
western part of Alpha Pier where a fuel pipeline was damaged. 

Petroleum sheens have been reported at various times in the turning basin. 
The sheens emanate from storm drain discharge water that empties into the 
basin. Absorbent booms have been placed at the point of discharge. 

There are 25 production and potable water wells in the area of the 
facility. Five potable water wells at the facility are within a ~-mile 

radius of the site. All five wells are screened in the Floridan aquifer 
system. 

Hydraulic conductivity (K) values ranged from 33.20 to 9.06 feet per day 
(ft/day). The hydraulic gradient (I) was calculated to be 0.007 foot per 
foot. Based on the K of 21.13 ft/day and I of 0.007, the average linear 
pore water velocity (V) beneath the site was calculated to be 0.59 ft/day. 

The tidal influence study conducted on July 14, 1992, indicates groundwater 
elevation fluctuations range from 0.2 to 0.4 foot in the contaminated area 
during a full tidal cycle. Groundwater at 3.0 feet above the National 
Geodetic Vertical Datum (NGVD) of 1929 or higher appears unaffected by 
tidal action. Groundwater in the vicinity of the storm sewer along Maddox 
Avenue fluctuates more than in the area where free product has been 
observed. 

CAR Conclusions 

The contamination at the Alpha Delta pier emanated from a broken pipeline 
and an oily waste riser. These sources have been abated. 

MP _ALPHA. RAP 
MVL.11.93 2-10 



2.3.3 

Soil at the site is contaminated to a depth of at least 44 feet bls. 
However, only the upper 4 feet is above the water table and, therefore, 
considered excessively contaminated soil as defined by Chapter 17-770, FAC. 

Groundwater in the unconfined surficial aquifer has been adversely impacted 
by petroleum constituents that exceed Chapter 17-770, FAC, groundwater 
cleanup target levels. 

Potable water wells have not been nor are expected to be impacted by 
contaminants from the Alpha Delta pier. 

CAR Recommendations 

Free product should be recovered from the 1985 diesel fuel pipeline break 
site. Measures to recover the free product should be implemented as 
quickly as possible. 

In addition to the absorbent booms, surface skimmers should be placed at 
the point of discharge of the storm sewer. The use of booms and skimmers 
should be considered a temporary measure. 

Abandonment of the storm sewer and the sealing of the point of discharge 
to the turning basin should be explored as a more permanent solution to 
abating petroleum discharge to the basin. 

All fuel and oily waste risers and associated piping, whether they are in 
service or not, should be tested for possible leaks. 

All fuel and oily waste mainlines should be tested or retested for 
tightness. Where tightness tests are not possible, alternate test methods 
should be used. 

If not already in place, a petroleum products management program should be 
developed and implemented. This program should account for all volumes of 
product handled at the fuel farm and at all piers. It should also have in 
place procedures and action plans to address leaks, spills, and other 
uncontrolled discharges of petroleum products, as well as emergency 
remedial plans. 

Due to the presence of free product and because concentrations of the 
contaminants in the soil and groundwater beneath the site exceed the 
Chapter 17-770, FAC, cleanup target levels, ABB-ES recommends that a reme­
dial action plan be prepared to address the contamination and initiate an 
appropriate course of action. 

MP _ALPHA. RAP 
MVL.11.93 2-11 





3.0 REMEDIAL ALTERNATIVES. 

3.1 CONTAMINANTS OF CONCERN. Laboratory analyses indicate the contamination 
may be from several sources, including the DFM pipeline and the oily waste 
collection system. Based on the available data, the Chapter 17-770, FAC, used 
oil analytical group of contaminants will be the basis for the remedial design. 
These parameters are: 

arsenic (U.S. Environmental Protection Agency [USEPA] Methods 206.2,206.3, 
7060, or 7061), 

cadmium (USEPA Methods 200.7, 213.1, 213.2, 6010, 7130, or 7131), 

chromium (USEPA Methods 200.7, 218.1, 6010, or 7191), 

lead (USEPA Method 239.2 or 7421), 

priority pollutant volatile organics (USEPA Methods 624 or 5030/8240) 

priority pollutant extractable organics (USEPA Methods 625, 3510/8250, or 
3510/8270) 

non-priority pollutant organics (with gas chromatograph/mass spectroscopy 
[GC/MS] peaks greater than 10 parts per billion [ppb]) (USEPA Methods 624 
or 5030/8240, and 625, 3510/8250, or 3510/8270), and 

TRPHs (USEPA Method 418.1) 

3.2 APPLICABLE CLEANUP STANDARDS. The surficial aquifer at the site is 
generally brackish, with a freshwater lens present in the upper zone. According 
to Franks (1980), "The local surficial aquifer acts as a single unconfined 
(water- table) aquifer to a depth of about 70 feet bls." The freshwater lens 
varies in thickness from about 40 feet, near the center of NAVSTA Mayport, to 
zero at the St. Johns River and the Atlantic Ocean. Franks (1980) goes on to 
state that "Although the water above a depth of 40 feet is fresh and initially 
could be used in a water supply system, after a short pumping interval brackish 
water from the lower zone would rise in response to a reduction in head, 
contaminating the upper freshwater zone." During his investigation, water in one 
test well, which was being pumped at about 20 gallons per minute (gpm) , was 
observed to be gradually increasing in specific conductance after pumping for 
only about 30 minutes. Therefore, because the freshwater lens is not a viable 
potable water source and is not otherwise distinguishable from the brackish zone, 
the surficial aquifer is classified under Chapter 17-3, FAC, as G-III. 

Action levels for remedial actions at this site are based on the upper limits of 
contaminant concentrations for monitoring only situations in a G-III aquifer. 
These parameters and target concentrations are as follows. 
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Parameter 

Total BTEX 
Benzene 
TRPH 
Lead 
Arsenic 
Cadmium 
Chromium 

Groundwater Target Concentration (ppb) 
Source Plume Perimeter 

1,000 200 
500 200 

100,000 5,000 
1,000 50 
1,000 50 

200 5 
1,000 50 

Naphthalenes and polynuclear aromatic hydrocarbons (PAHs) have been identified 
at the site, but are not listed as parameters for monitoring in G-III 
groundwater. Therefore, the standards set for monitoring only, at a source in 
a G-II aquifer, with no nearby wells will be used. For PAHs, this standard is 
20 times the drinking water standard. For naphthalenes and PAHs detected at the 
site to date, the standards are as follows. 

Parameter Groundwater Target Concentration (ppb) 

Total naphthalenes 
Acenaphthene 
Acenaphthylene 
Anthracene 
bis(2-Ethylhexyl)phthalate 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 

2,000 
400 
200 
200 
120 
840 
200 
200 
200 

Soil contamination at the site exceeds standards presented in Chapter 17-770, 
FAC. Those standards, however, are based on risks associated with contaminated 
soil over a potable water source aquifer. Because the surficial aquifer at this 
site is G-III and, therefore, not a potable water source, alternate contaminant 
levels are appropriate. 

The Chapter 17-770, FAC, standards are based on a proportional relationship 
between the presence of soil contamination, as measured by an organic vapor 
analyzer (OVA), and the risks associated with potable water becoming contaminated 
by that soil. An increase in the acceptable level of soil contamination, as 
measured by an OVA, proportional to the increase in the acceptable level of 
contamination, from G-II to G-III, is recommended. 

Standards for G-III groundwater near a contaminant source are used for this 
correlation because the contaminated soil is considered a contaminant source. 
The increase in acceptable levels from G-II to G-III groundwater concentrations 
are from 50 micrograms per liter (~g/i) to 1,000 ~g/i for total BTEX, from 1 ~g/i 
to 500 ~g/i for benzene, and from 5 milligrams per liter (mg/i) to 100 mg/i for 
TRPH. These increases are by factors of 20, 500, and 20, respectively. 
Therefore, increasing the acceptable level of soil contamination, as measured by 
an OVA, by a factor of 20 is recommended. The recommended acceptable OVA 
measured concentration is 1,000 parts per million (ppm), based on a corresponding 
concentration of 50 ppm at a G-II groundwater site. 
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3.3 EXTENT OF CONTAMINATION. All groundwater monitoring wells at the site were 
sampled on May 17 and 18, 1993. Samples were analyzed for the Used Oil 
analytical group parameters. The complete results of the laboratory analyses are 
presented in Appendix A. A summary of the analytical results is presented in 
Table 3-1. Free product thickness in monitoring well MPT-1406-l6 was measured 
at 8 inches on April 22, 1993, and at 6 inches on May 17, 1993. Free product was 
not found in MPT-1406-l6 on August 16, 1993. 

3.3.1 Soil Contamination A definition of excessive soil contamination has been 
recommended for this site as soil with OVA headspace measurements exceeding 1,000 
ppm. In accordance with this definition, four areas can be identified as 
excessively contaminated based on data in the CAR for soil at or above the water 
table. The measurements exceeding 1,000 ppm were taken from soil at less than 
1 foot above the water table as measured at high tide (except one sample from 
MPT-1406-3 that was collected nearly 3 feet above the water table). Calculations 
presented in Appendix B show that a capillary fringe thickness of 1.25 feet or 
more is likely to be present at the site. Therefore, it is believed that the 
reported soil contamination is the result of the presence of contaminated 
groundwater and does not represent excessive soil contamination. This is further 
evidenced by the configuration of the reported soil contamination in the vicinity 
of the storm sewer, which runs northeast along Maddox Avenue to the Delta Pier. 
Groundwater flow in that area is generally from west to east. The reported soil 
contamination ends abruptly at the storm sewer as it moves downgradient. It is 
known that contaminated groundwater infiltrates into this storm sewer. Tidal 
influence or seasonal variations in the water table elevation may have resulted 
in some smearing of the free product, but these fluctuations do not appear to 
exceed about Yz foot. These facts indicate that the contamination is closely 
related to the groundwater and does not represent excessive soil contamination. 

3.3.2 Free Product Free product was observed in MPT-1406-l6 at a thickness of 
2 inches during the CA. Product was observed and measured from a sample 
collected in a bailer. The free product was measured on August 6 and September 
23, 1992. The monitoring well was installed July 8, 1992. The product was 
blackish in color and had a petroleum product odor. When shaken, the product 
dispersed into the water. The particles of product remained suspended in the 
water for a short period of time, possibly 2 minutes. These characteristics 
suggest that the product is old and/or mixed with other compounds, such as a 
soapy chemical. Prior to August 6, 1992, free product was not noted in the well 
when water volumes were collected in a bailer. Rather, the upper portion of the 
water column was cloudy and grayish, and droplets of product were evident on the 
wall of the bailer. 

In September 1992, monitoring wells MPT-1406-l6, MPT-1406-04, MPT-1406-05, 
MPT-1406-06, and MPT-1406-07 were examined for the presence or absence of free 
product. In addition, all manholes in the immediate vicinity of these wells were 
checked for the presence or absence of free product. Free product was detected 
in monitoring well MPT-1406-l6 with a thickness of 2 inches. A telephone utility 
line manhole, just north of MPT-1406-l6, had a free product thickness of 1% 
inches. The electrical utility manhole, where free product was originally 
discovered, also had free product at a thickness of lYz inches. Free product was 
not detected in any other well or manhole. 

Free product at the site may exist primarily along the underground telephone, 
electrical, and potable water lines southeast of the 1985 pipeline break. The 
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underground utilities and the disturbed sediments surrounding the utilities could 
provide greater permeability and less resistance than the more compacted 
sediments, where utilities do not exist. Well MPT-1406-l6 is located in an area 
where the soil was recently disturbed during the installation of a new potable 
water pipeline. The free product may not be migrating further inland or westward 
due to the greater hydraulic head in those directions and may not be migrating 
eastward along the utility pipelines because the storm drain beneath Maddox 
Avenue appears to act as a barrier, capturing the edge of the product plume and 
discharging it to the turning basin. 

Since completion of the CAR, additional free product has been observed in well 
MPT-1406-l6. A free product thickness of 8 inches was measured on April 22, 
1993, and a thickness of 6 inches was measured on May 17, 1993. The variation 
in free product thickness does not appear to correlate with groundwater table 
elevation changes. Increases in free product thickness have occurred following 
a drop in the water table elevation, the opposite of what might be expected if 
product were being smeared onto the soil. It is believed that the increase in 
thickness between September 1992 and April 1993 may be a result of product 
migrating back through the area around MPT-1406-l6 ,which was excavated during 
the water line installation prior to the installation of MPT-1406 -16. Therefore, 
the increased thickness is not considered to be indicative of a new source. Well 
MPT-1406-l6 was checked again on August 16, 1993, and no free product was 
observed. Since that time, the well has been checked on a monthly basis and free 
product has not been present. Further definition of the product plume is 
precluded by the beach ridge relict at Building 2, pier structures, and the great 
number of underground utility lines. Therefore, the quantity and extent of free 
product present, if any, cannot be precisely determined. The estimated extent 
of past or present free product is shown on Figure 3-1. 

3.3.3 Groundwater Contamination A complete round of groundwater sampling was 
conducted on May 17, 18, and 19, 1993. Samples were analyzed for the used oil 
group parameters specified in Chapter 17-770, FAC. The results of these analyses 
are presented in Appendix A and summarized in Table 3 -1. Based on target 
concentrations presented in Section 3.2, groundwater contamination is limited to 
the area of monitoring wells MPT-1406-4, MPT-1406-6, and MPT-1406-7, where the 
TRPH concentrations were found to exceed the target, and MPT-1406-l6, where free 
product has been observed. However, contaminants are present over a larger area 
in concentrations, which, if discharged to the turning basin, might exceed Class 
III water quality criteria. Contaminated groundwater currently discharges to the 
turning basin via infiltration to the storm sewer piping along Maddox Avenue. 
The approximate extent of TRPH contamination is shown on Figure 3-2. 

3.4 SITE-SPECIFIC LIMITATIONS TO ALTERNATIVES. The site contamination is 
located beneath an active military port facility. The site lies partially within 
a restricted access area, which is fenced and guarded. Part of the source area 
lies beneath a section of the dock that serves as a roadway. This is an active 
area and any construction or operation and maintenance activities that would be 
disruptive must be minimized. The site is also underlain by many active and 
abandoned utilities, including potable water mains, sanitary sewers, oily waste 
sewers, stormwater sewers, electrical lines, telephone lines, fuel pipelines, and 
service lines and risers for ship connections for each of these. Additionally, 
structural components of the original Alpha bulkhead and dock are present, 
including the original bulkhead, steel tie rods, concrete anchor walls, wooden 
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Table 3-1 
Summary of Laboratory Analytical Results, 

May 17, 1993 

Remedial Action Plan 
Alpha Delta Piers 

Naval Station Mayport 
Mayport, Florida 

Total Total 
Benzene Toluene Ethylbenzene Xylene BTEX Naphthalene TRPH 

MPT-1406-1 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-2 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-3 1 U 1 U 1 U 1 U 1 U 15 3 
MPT-1406-4 5 1 U 15 5 25 510 8 
MPT-1406-5 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-6 1 U 1 U 1 1 2 10 U 160 
MPT-1406-7 1 U 1 U 1 U 1 U 1 U 12 59 
MPT-1406-8 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-9 1 U 1 U 1 U 1 U 1 U 10 U 3 
MPT-1406-10 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-11 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-12 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-13 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-14 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-15 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-16 FP FP FP FP FP FP FP 
MPT-1406-17 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-18 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-19 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-20 1 UR 1 UR 1 UR 1 UR 1 UR 10 UR 1 UR 
MPT-1406-21 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-22 1 U 1 U 1 U 1 U 1 U 29 1 U 
MPT-1406-23D 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-24D 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-TEST 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-DUP1 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-DUP2 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-DUP3 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-EB1 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-EB2 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
MPT-1406-EB3 1 U 1 U 1 U 1 U 1 U 10 U 1 U 
Notes: All concentrations are in micrograms per liter (pg/l). 

BTEX = benzene, toluene, ethylbenzene, and xylene. 
TRPH = total recoverable petroleum hydrocarbons. 
U = not detected above reporting limit. 
R = data rejected, results do not meet quality assurance/quality control (QA/QC) requirements. 
FP = free product was present. 

I 

I 
Arsenic Cadmium Chromium Lead I 

10 U 10 U 50 U 6 
10 U 10 U 50 U 11 
10 U 10 U 50 U 17 
10 U 10 U 50 U 12 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 15 
10 10 U 50 U 5 U 
36 10 U 50 U 16 
10 U 10 U 50 U 35 
10 U 10 U 50 U 5 
16 10 U 50 U 30 
35 10 U 50 U 14 
14 10 U 50 U 5 U 
12 10 U 50 U 6 
FP FP FP FP 
14 10 U 50 U 6 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 UR 10 UR 50 UR 14 R 
10 U 10 U 50 U 11 
10 U 10 U 50 U 7 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 6 
18 10 U 50 U 31 
13 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
10 U 10 U 50 U 5 U 
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structural piles, and tie rod support blocks. All of these subsurface features 
greatly restrict excavation, drilling, and trenching activities at the site. 

3.5 REMEDIAL STRATEGY. Because soil contamination was detected only at or near 
the water table surface and the water table is typically at about 4 feet bls, a 
separate soil remedial system is not recommended. The potential discharge of 
contaminated groundwater into the turning basin is considered the principal 
threat. To mitigate this threat, a strategy of containment and source abatement 
is proposed. Containment should be provided that will prevent future discharges 
of contaminated groundwater from the site into the turning basin. Source 
abatement should include removal of any free product that may be present and the 
reduction of contaminant concentrations. A monitoring program should also be 
provided, which will allow for measurement of the progress of the remediation and 
provide feedback for maximizing the systems operating efficiency. 

3.6 DISCUSSION OF ALTERNATIVES. After defining the contaminants of concern, 
the applicable cleanup standards, and the extent of contamination and developing 
a remedial strategy, it is necessary to identify and screen technologies that may 
be applicable to mitigating the contamination at the site. Because cleanup 
technologies applicable to sites contaminated with petroleum substances are 
continually being improved and developed, it is important to develop remedial 
action alternatives using the most effective technologies available. 

3.6.1 Free Product Recovery A free product removal program is in progress at 
the site on a monthly basis. Free product thicknesses up to 8 inches have been 
observed in well MPT-1406-16, but no free product has been found during the last 
5 months. Based on this history, several options may be applicable. One option 
is to assume that free product is no longer a concern at the site and take no 
further actions. While there currently appears to be no need for free product 
recovery, this option does not address the fact that the observed presence of 
free product has been variable, and the possibility of free product reappearing 
exists. 

Another option is to assume that free product will return and that a free product 
recovery system is needed. Such a system might include a product recovery well 
and a product only pumping system, which removes the free product without pumping 
any groundwater, or a total fluids system, which removes free product and 
groundwater together. Choosing the appropriate method would depend on the 
selected groundwater remedial alternative. 

A third option is to continue monthly monitoring and free product recovery by 
manual methods when necessary. Such a program could be modified for more or less 
frequent product recovery as needed. This option would assure that any free 
product present would be dealt with, but would not be expensive to implement. 

3.6.2 Groundwater Remediation In general, groundwater may be remediated 
in-situ or ex-situ. These two general scenarios are discussed separately below. 
Either scenario could be applied along with the containment strategy. 

3.6.2.1 In-Situ Treatment This alternative would consist of treating the 
groundwater to reduce the mobility, toxicity, and/or volume of the contamination 
without removal. The only in-situ treatment technology considered is 
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bioremediation. Other alternatives such as in-situ air stripping or sparging are 
not considered feasible because of the high water table and the resulting 
difficulty in collecting the off gases as soil vapors. 

In-situ bioremediation typically involves the delivery of nutrients to bacteria, 
which degrade the petroleum products, breaking them down to carbon dioxide and 
water. Some type of initial testing is typically required to assess the existing 
level of biological activity and the appropriate nutrient supplements needed to 
effect the biodegradation. This technology has been used successfully to reduce 
volatile organic compound (VOG) contaminant levels. Implementation would require 
a system for delivering the nutrients and oxygen to the contaminated zone of the 
aquifer. The biological processes may be difficult to control in-situ, and 
oxygen and nutrients may be difficult to deliver due to site pavement and 
numerous underground utilities. 

3.6.2.2 Ex-Situ Treatment This alternative would consist of collecting the 
contaminated groundwater, treating it to reduce its mobility, toxicity, and 
volume, and disposing of the treated effluent. The groundwater would be 
collected through extraction wells or recovery trenches. Use of this option 
would require greater treatment than in-situ alternatives in order to meet 
effluent disposal requirements. Treatment technologies considered include 
ultraviolet (UV)/oxidation, biological treatment, air stripping, and carbon 
adsorption. 

UV/oxidation is a process in which organic contaminants in extracted groundwater 
are oxidized through simultaneous application of UV light with ozone and/or 
hydrogen peroxide. Pretreatment for removal of naturally occurring inorganics 
(e.g., iron, lead, or manganese) may be required to prevent fouling of the 
oxidation system. UV/oxidation has not been as widely used for petroleum 
cleanups as air stripping or carbon adsorption, but can be an effective 
technology for treating VOG contaminated water. 

Biological treatment is a process that destroys organics through biodegradation, 
acclimation-degradation, or chemical conversion of the organic wastes by 
introducing the extracted groundwater to either an aerobic or anaerobic 
biological treatment process. Microorganisms and nutrients (if needed) are added 
to induce one or more of the responses. Site VOG concentrations must be able to 
support the biological processes for this to be feasible. Implementation may 
require additional testing and secondary treatment may be needed to achieve 
target concentrations. If onsite effluent disposal is used, bioenhancement of 
the effluent could be used with any of the ex-situ treatment alternatives. This 
would involve adding oxygen and/or nutrients to the treated effluent and 
returning it to the contaminated area to promote biological activity in the 
aquifer. 

Air stripping is a technology that is proven effective for removal of VOGs and 
some semivolatile organic compounds (SVOGs). It reduces concentrations of VOGs 
through intimate contact of extracted groundwater with air. Water descends a 
packed column while air is forced up the column to promote mass transfer of orga­
nics from aqueous to gaseous phase. Off gases may require further treatment to 
meet air regulations. Pretreatment for removal of naturally occurring inorganics 
(e.g., iron, lead, and manganese) may be required to prevent fouling of air 
strippers. 

MP _ALPHA. RAP 
MVL.11.93 3-9 



Carbon adsorption is a proven technology for removing VOCs and SVOCs from 
groundwater, but typically is not cost effective for treating groundwater with 
high VOC or SVOC concentrations. It is easily implemented, although periodic 
change out of spent carbon is required. Disposal of spent carbon is also a 
consideration. Carbon adsorption may be used, with another technology, as a 
polishing step. 

3.6.3 Groundwater Extraction If ex-situ treatment of groundwater is selected, 
a groundwater extraction method must be selected. Alternatives considered 
include extraction wells, combined vapor-fluid vacuum extraction systems, and 
recovery trenches. 

Extraction wells consist of one or more wells from which groundwater can be 
pumped to the treatment system. Wells are designed based on the location of the 
contamination, the aquifer hydraulic conductivity, the hydraulic gradient of the 
water table, and the depth to the water table. The well depth, diameter, screen 
length, pumping rate, drawdown, and the number and location of wells are designed 
to produce the appropriate capture zone. This is a widely used and accepted 
groundwater recovery method. 

Combined vapor-fluid vacuum extraction systems consist of vacuum pumps that 
remove soil vapors and dewater the selected zone simultaneously. The systems 
typically are similar to well point dewatering systems with draw tubes within the 
wells for water removal and valving to distribute the vacuum between water and 
vapor recovery. If a saturated portion of the aquifer is dewatered, air 
continues to flow through the pores allowing remediation to continue. This is 
particularly an advantage in aquifers with low transmissivities. Because the 
depth of dewatering is controlled by the magnitude of the vacuum, the affected 
area is automatically maintained during variations of the adjacent water table. 
This method has a physical limitation on the depth from which water can be 
removed. Theoretically, a perfect vacuum can support a water column of about 34 
feet (one atmosphere). In application, this method can typically lift water from 
18 to 20 feet below the elevation of the vacuum pump. 

Recovery trenches typically consist of perforated pipe laid in a trench, which 
is backfilled with a material that is more permeable than the surrounding soil. 
Groundwater flows by gravity into the pipe and to a sump where it is collected 
and pumped to the treatment system. Recovery trenches can be placed at the 
center of a contaminated area with a shallow water table gradient to collect 
water from all directions, or downgradient and perpendicular to the flow 
direction to intercept the flow at sites with greater water table gradients. 

3.6.4 Effluent Disposal If ex-situ treatment of groundwater is selected, 
disposal of the treated effluent must be considered. The options considered 
include discharge to the NAVSTA Mayport sanitary sewer system, reinj ection to the 
groundwater, and discharge to a surface water body. The NAVSTA Mayport 
wastewater treatment plant has sufficient capacity to accept the treated 
effluent. Although a permit to discharge to this system will be required, 
disposal costs associated with this option would be low. The soil at the site 
is suitable for disposing of the treated effluent through a recharge gallery, 
although the possible locations of a gallery would be limited due to the high 
water table and surface topography. Use of this option would allow biological 
enhancement of the remediation by adding nutrients to the effluent prior to 
reinjection, but would require a more stringent cleanup criteria. Discharge to 
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a surface water body would be easy to implement, but would require a National 
Pollution Discharge Elimination System (NPDES) permit. The permit monitoring 
requirements, which might include more frequent effluent sampling and bioassays, 
would add significantly to the cost of this option. 

3.7 ALTERNATIVE SELECTION. A mechanical free product recovery system (e.g. 
product recovery well and pump) is not considered appropriate for this site. A 
program of scheduled monitoring and manual product recovery as necessary is 
proposed. In-situ bioremediation is selected for site groundwater remediation 
because it destroys the contaminants and will minimize the disruption of site 
activities and subsurface utilities. The in-situ option is preferred to the pump 
and treat alternatives because it doesn't require any handling of contaminated 
groundwater. This eliminates the need for extensive recovery, treatment, and 
disposal equipment, reduces operation and maintenance (O&M) requirements, and 
avoids concerns associated with effluent disposal. Because the site is located 
in a G-III aquifer, in-situ bioremediation can sufficiently reduce the 
contaminant concentrations to an acceptable level cost effectively. 
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4.0 RECOMMENDED REMEDIAL ACTION 

The recommended remedial action for the Alpha Delta Pier at NAVSTA Mayport 
consists of containment of the contaminant plume behind the existing bulkheads 
and source abatement through a free product monitoring and recovery program and 
groundwater treatment by in-situ bioremediation. The remedial system layout is 
shown in Figure 4-1. 

4.1 PLUME CONTAINMENT. Contaminated groundwater appears to be migrating from 
the source area near well MPT-1406-l6, downgradient toward the original Alpha and 
current Delta bulkheads. Because the bulkheads are nearly impermeable, the 
contaminated groundwater then moves laterally, a short distance to the west, but 
primarily to the east. The movement to the east is primarily the result of 
drawdown effects of the storm drainage pipe underneath Maddox Avenue. The pipe 
is currently functioning as an interception trench, capturing a portion of the 
contaminant plume and discharging it to the turning basin. To counter this 
induced groundwater flow and contaminant discharge, the storm drainage pipe will 
be retrofitted with a slip lining. This will eliminate the infiltration of 
groundwater, thereby reducing the groundwater gradient and plume migration and 
eliminating the discharge of contaminated groundwater from the site to the 
turning basin. 

The contaminant plume is contained to the south by the groundwater gradient, 
which slopes to the north toward the bulkheads at the docks (Figure 4-2). The 
bulkheads provide an effective barrier, containing the plume on its north side. 
At the Alpha pier, there are two bulkheads between the contaminated groundwater 
and the turning basin. The first, constructed around 1960, consists of a double 
wall of interlocking steel sheet piles, driven to a depth of -49 feet MLW. The 
space between the sheet pile walls was filled with grout. The Delta bulkhead is 
an extension of the original Alpha bulkhead and is of similar construction. A 
second bulkhead was installed at the Alpha pier in front of the old bulkhead 
around 1980 when the docks were extended into the turning basin. The new 
bulkhead consists of interlocking steel sheet piles driven to form overlapping 
cells, approximately 42 feet in diameter, and backfilled with compacted sand. 
The sheet piles were driven to depths from -38.75 feet MLW on the landward side 
to -46.5 feet MLW at the water, and coated with an epoxy resin to a depth of -38 
feet MLW. The filled cells were capped with concrete, which extends down the 
face of the bulkhead to -3 feet MLW. The bulkheads are low permeability barriers 
that restrict the contaminant plume migration. The bulkhead design is shown on 
Figure 4-3. 

The water table slopes towards the bulkheads and flattens as groundwater piles 
up against them. This flattening has allowed lateral spreading of the plume to 
the west. There is a slight gradient to the east along the bulkhead, which 
appears to have retarded plume movement to the west. Were it not for the storm 
drainage pipe at Maddox Avenue, the plume would be expected to slowly follow an 
eastward migration path along the bulkheads (which extend approximately 4,000 
feet beyond the current plume location). 

Groundwater infiltration to the storm drainage pipe 
created a potentiometric low in that area (Figure 4-2) . 
and, possibly, free product have infiltrated the pipe 
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turning basin. To stop the infiltration and discharge of contaminants, the pipe 
will be retrofitted with plastic slip liners. The annulus between the existing 
pipe and the new liners will be grouted. This will effectively complete the 
containment of the plume by flattening the eastward gradient and reducing the 
plume's rate of migration. The drainage pipe will be lined from its discharge 
point at the Delta Pier bulkhead to a point approximately 250 feet inland (Figure 
4-1). A more detailed description of the liner material and installation process 
is presented in Appendix B. 

4.2 IN-SITU BIOREMEDIATION. Bioremediation is an effective means to clean up 
contamination due to petroleum products. In-situ groundwater bioremediation can 
reduce the concentrations of the dissolved material in groundwater as well as 
promote the degradation of petroleum hydrocarbons adsorbed to the soil. In this 
manner, in-situ bioremediation acts at the source of the contamination to reduce 
contamination of water moving into the contaminated area. 

To reduce the concentration of dissolved TRPH and other petroleum contaminants, 
an in-situ biological treatment system will be used at the Alpha Delta Pier. 
This biological component is designed to promote passive, natural attenuation of 
the petroleum contamination presently contained behind the bulkheads. In 
addition to reducing the concentration of dissolved organics, the bioremedial 
system is also intended to promote degradation of any fuel sorbed to the soil 
downgradient of the source area. 

The principle behind in-situ bioremediation is to improve environmental 
conditions in the saturated zone to induce biological degradation of organic 
compounds by the naturally occurring population of subsurface microorganisms. 
Often the natural population has the ability to degrade the compounds of 
interest, but is limited by inadequate environmental conditions such as shortage 
of nutrients or electron acceptors (oxygen). 

Petroleum-degrading bacteria are commonly found in subsurface soils and 
groundwater and are present at the Alpha Delta Pier site. Results from 
laboratory analyses indicate that the most limiting environmental condition for 
biodegradation of dissolved contaminants at the Alpha Delta Pier is oxygen 
concentration (electron acceptor). Laboratory testing was conducted to evaluate 
the feasibility of using bioremediation to treat petroleum contamination in the 
groundwater at the Alpha Delta Pier site. The testing was performed by the 
ABB-ES Treatability Laboratory in Wakefield, MA. The test methods and results 
are discussed in Appendix B. 

The proposed approach is to deliver oxygen in a passive manner through oxygen 
dosing wells and infiltration systems without withdrawing and reinj ecting water. 
Oxygen delivery will be accomplished by adding slow release magnesium peroxide 
to dosing wells and hydrogen peroxide through the infiltration system. The 
magnesium peroxide works by continually releasing oxygen into the groundwater. 
In zones where oxygen is delivered, the indigenous hydrocarbon degrading bacteria 
will biodegrade the dissolved hydrocarbon. The amount of hydrocarbon that can 
be removed is directly proportional to the amount of oxygen that is delivered to 
the subsurface. For every 2.5 Moles of oxygen that is delivered, 2 Moles of 
hydrocarbon will be transformed to carbon dioxide and water. 
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Two systems are proposed to treat the contaminated aquifer at the Alpha Delta 
Pier site. One system treats the "source" area, which currently has aqueous TRPH 
concentrations greater than 100 ppm. The second system treats the downgradient 
(eastern) portion of the plume to ensure that aqueous TRPH concentrations at the 
perimeter do not exceed 5 ppm. 

The source area biological treatment system involves adding water containing 
hydrogen peroxide and other added nutrients using a drip irrigation type system. 
The nutrients and oxygen added through the system will promote biodegradation of 
the contaminated vadose zone, and saturated soil and groundwater within the 
source area. 

The perimeter treatment system will be installed at the downgradient edge of the 
plume. Oxygen in the form of a slow release magnesium peroxide will be added 
to the aquifer by slowly dissolving as the groundwater flows through wells 
intersecting the natural groundwater flow. As a result of oxygenation, aerobic 
microorganisms within the downgradient soil will be stimulated to metabolize the 
petroleum hydrocarbon compounds. In this way, a plume interception bioremedial 
zone will be established downgradient of the oxygen addition wells. As long as 
oxygen is added to these wells, downgradient migration of contaminants should be 
reduced. 

4.2.1 Source Area System 

4.2.1.1 Source Area Contaminant Mass Loading The average groundwater TRPH 
concentration in the source area (defined as the region with TRPH concentrations 
greater than 100 ppm) is approximately 142 ppm based on the available groundwater 
measurements. Assuming that the thickness of contaminated saturated aquifer 
exceeding 100 ppm is approximately 5 feet, the volume of contaminated soil is 
approximately 55,000 cubic feet (ft3 ) or, using the estimated porosity of 25 
percent, 13,800 ft 3 of contaminated groundwater (see calculation in Appendix B). 
To reduce the TRPH concentration in this groundwater to 100 ppm, approximately 
16 kilograms (kg) of hydrocarbons will have to be degraded. In addition, there 
is generally a significant quantity of TRPH sorbed to the soil within such 
contaminated areas. Assuming that there is 10 times as much TRPH sorbed to the 
soil within the source area, then there is approximately 180 kg of hydrocarbons 
in the aquifer that will have to be degraded to reduce the groundwater TRPH 
concentrations to less than 100 ppm and maintain them at or below that level 
(Appendix B). 

4.2.1.2 Oxygen and Nutrient Loading Virtually all of the hydrocarbons found in 
petroleum fuel at the Alpha Delta Pier have been demonstrated to be 
biodegradable. Bioremediation of the dissolved hydrocarbons in the saturated 
soil will require delivery of a sufficient amount of oxygen to the bacteria that 
occur naturally in the soil. Oxygen can be delivered to the contaminated area 
by infiltrating water saturated with atmospheric oxygen (i.e., approximately 9 
milligrams [mg] of oxygen per liter of water) or by infiltrating water containing 
100 ppm hydrogen peroxide, which slowly hydrolyzes to produce 50 ppm molecular 
oxygen. Assuming that it is necessary to add 5 grams oxygen to biodegrade 1 gram 
of petroleum carbon (based on stoichiometry of 2.5:1 and a safety factor of 100 
percent), then the amount of dissolved plus sorbed hydrocarbons estimated to be 
in the source area will require approximately 900 kg of oxygen for remediation 
(see Appendix B). 
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In addition to oxygen, a nutrient mixture (comprised of ammonia and polymeric 
phosphate) will be delivered to the contaminated area to supplement naturally 
existing nutrients in the groundwater. Nutrients will be added at a loading rate 
of approximately 0.65 kg of nutrients per kilogram of biodegradable carbon or a 
total of approximately 120 kg of nutrients. 

4.2.1.3 Water Infiltration System Nutrient and oxygen delivery will be 
accomplished by flushing water through the contaminated zone using a drip 
irrigation system. The hydraulic conductivity of the soil is approximately 21.13 
ft/day. Preliminary calculations (Appendix B) indicate that if 30,000 gallons 
of water per day are evenly distributed over the source area through a subsurface 
distribution system, the water table should rise less than 2 feet within the 
area. If 100 mg/.e hydrogen peroxide is used as the oxygen source, then 
approximately 180 days of infiltration will be required. 

4.2.2 Perimeter Area System 

4.2.2.1 Perimeter Contaminant Mass Loading According to the CAR (ABB, 1992), 
groundwater at Alpha Delta Pier presently flows at a velocity of approximately 
0.6 ft/day (or a specific discharge of 0.15 ft/day) toward the east along the 
turning basin. The water table is found approximately 4 feet below ground 
surface. Assuming that: 

the water flowing toward the perimeter is contaminated throughout the 
top 5 feet of the water table, 

the groundwater specific discharge may increase due to the source area 
infiltration system or may be approximately 0.2 ft/day, 

this water contains an average TRPH concentration of 16 ppm, 

TRPH concentration must be reduced to 5 ppm, and 

the groundwater is flowing through a transect approximately 150 feet 
across; 

then the contaminant mass loading at the perimeter of the plume area is 
approximately 0.05 kilogram per day. The perimeter system will also provide 
additional treatment for groundwater displaced by the source area treatment 
system prior to its migration downgradient. 

4.2.2.2 Oxygen Loading Oxygen will be delivered to the contaminated area by 
addition of magnesium peroxide (Mg20 2 ), which hydrolyzes to magnesium and 
molecular oxygen. Assuming that there are 5 grams oxygen used to biodegrade 1 
gram of petroleum carbon (including a safety factor of 100 percent), then the 
amount of dissolved hydrocarbons estimated to flow toward the perimeter will 
require approximately 0.25 kg of oxygen per day. (It is assumed that the 
groundwater contains sufficient mineral nutrients to promote biodegradation of 
this relatively low mass of petroleum hydrocarbons.) 

4.2.2.3 Perimeter System Well Placement Oxygen will be delivered to the 
contaminated groundwater through decomposition of magnesium peroxide placed in 
a series of wells located perpendicular to the groundwater flow path. These 
wells will be constructed with screens that intersect the water table and extend 
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a minimum of 5 feet below the water table. A 4- inch diameter well can 
accommodate approximately 14 kg of slow release magnesium peroxide suspended 
within a 2-inch diameter permeable membrane sock. This peroxide releases 
approximately 1.8 mg oxygen per gram of peroxide per day. To deliver the 
necessary oxygen, we will need to install dosing wells across the groundwater 
flow path at an interval of about one well every 5 feet (Appendix B). 

4.2.3 System Operating Parameters The considerations discussed above can be 
used to generate the following estimated system operating parameters. These 
parameters must all be verified through the startup monitoring program described 
in Section 4.6. 

The infiltration water flow rate will be approximately 21 gpm spread evenly over 
the source area. Hydrogen peroxide will be added at a rate of 100 mg/i to the 
infiltrated water. Nutrients must be added at a rate of at least 4 mg/i to the 
infiltrated water. These concentrations are more than sufficient to satisfy the 
stoichiometry of the hydrocarbon degradation. However, polymeric phosphate is 
often needed to stabilize the peroxide that is added to the saturated soil. 
Therefore, it is possible that significantly more nutrients will be added to the 
system. We estimate that at least 25 mg/i of nutrients will be added to the 
infiltration water. 

4.3 FREE PRODUCT MONITORING AND RECOVERY. Free product has been observed in 
well MPT-1406-l6 and in two nearby utility manholes. Although product has not 
been found in MPT-1406-6, TRPH analyses show contamination to be present in 
quantities similar to levels that might be expected in a free product area. 
Therefore, wells MPT-1406-6, MPT-1406-l6, and the two manholes (Figure 3-1) will 
be monitored monthly for the presence of free product. Each location will be 
checked using an oil and water interface probe to measure the thickness of any 
product that may be present. Water from each location will be visually inspected 
and described. If free product is found, it will be manually bailed from the 
well or manhole and the volume collected will be recorded. If the measured free 
product thickness increases in two consecutive months, the frequency of 
monitoring and recovery events will be increased. Records of each monitoring 
event will be included in the reports described in Section 4.6. Recovered free 
product will be placed in appropriate containers and disposed in accordance with 
State and Federal requirements. 

4.4 SYSTEM CONTROLS. The in-situ bioremedial system will be manually controlled 
using valves, flow meters, and pressure gauges as shown in Figure 4-4. The main 
valve and flow meter will be used to control the overall system flow rate. 
Chemical feed rates through the eductors will also be controlled by valves and 
flow meters. The proper operating pressure for the water distribution network 
will be controlled using a valve and pressure gauge. 

4.5 SYSTEM STARTUP. Upon completion of construction and installation of the 
equipment and prior to the startup of the system, groundwater from the monitoring 
wells designated for monthly sampling will be collected for laboratory analysis. 
The system will then be started and balanced to obtain the appropriate oxygen and 
nutrient concentrations. 

MP _ALPHA. RAP 
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4.6 MONITORING PROGRAM. The monitoring program is designed to evaluate the 
performance, progress, and effectiveness of the system installed and to identify 
possible methods of improving the performance. The source area monitoring wells, 
MPT-1406-6 and MPT-1406-l6, will be sampled monthly for the first year and 
quarterly thereafter. In addition, perimeter and background monitoring wells 
MPT-1406-4, MPT-1406-S, MPT-1406-7, MPT-1406-lS, and MPT-1406-l7 will be sampled 
quarterly to provide data for tracking the overall progress of the remedial 
program. The samples will be analyzed for site contaminants of concern as 
described in Section 3.1. 

The in-situ groundwater bioremedial treatment system will require monitoring to 
ensure that conditions necessary to promote biological activity are maintained 
as well as to measure the concentration of target compounds in groundwater. 

One of the primary goals of the project is to reduce total petroleum hydrocarbon 
(TPH) concentrations to treatment criteria. Target parameters will be monitored 
to evaluate the progress of the remedial process. Several additional parameters 
will be analyzed to monitor the biological process. The most critical factor 
involved with this bioremedial design is the delivery of oxygen. The perimeter 
oxygen delivery system will be comprised of magnesium peroxide contained in a 
permeable membrane sock located inside the oxygen application wells. Groundwater 
samples will be removed from the wells and monitored for dissolved oxygen, redox 
potential, pH, and iron. Data will be reviewed to look for changes as a result 
of oxygen delivery. A decrease in the redox will indicate that the rate of 
oxygen delivery is decreasing. At that point, which will be at approximately 
every 2 to 4 weeks, the permeable socks will be removed, visually examined, and 
replaced when necessary. It is anticipated that a weekly analysis schedule will 
be maintained for the first month of operation, then changed to a monthly 
schedule. 

Inorganic nutrients including nitrogen and phosphorous are essential for 
maintaining biological activity. Results from previous analyses indicated that 
nitrogen and phosphate were present in the water; therefore, nutrient additions 
will not be required in the perimeter system. However, the concentration of 
nitrogen and phosphorus in the groundwater will be monitored, on a weekly basis 
for the first month, then monthly for the remainder of the program, to ensure 
that there are available nutrients as well as to monitor changes in the nutrient 
concentrations. 

During bioremediation, it is anticipated that an increase in the bacterial 
population will be observed in the groundwater. The microbial populations will 
be monitored by enumerating total heterotrophic and hydrocarbon degrading 
bacteria. Samples will be removed for analysis from monitoring wells weekly for 
the first month, monthly for the next 6 months, and measured once a quarter for 
the remaining portion of the program. 

The treatment water flow rates, total gallons applied, and the water pressure in 
the pipes will be recorded together with the water levels in all wells during 
each sampling event. These data will be summarized in a letter report to the 
Navy and FDEP after each visit. 
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The m1n1mum time of cleanup to the target levels is estimated to be approximately 
6 months, based on site-specific measurements and calculations as presented in 
Appendix B. Maximum time for cleanup is not expected to exceed 18 months 
depending on the actual system performance. 

Presented in Table 4-1 is a summary of the recommended sampling episodes and 
associated tests for the first year. In addition to the sampling, the system 
will also be inspected during each episode and routine preventative maintenance 
will be performed as necessary. 

Table 4-1 
Sampling Schedule, First Year 

Remedial Action Plan 
Alpha Delta Piers 

Naval Station Mayport 
Mayport, Florida 

Month 
Task 

2 3 4 5 6 7 

Measure water levels X X X X X X X 

Measure water flow through X X X X X X X 
system. 

Sample perimeter and X X 
background monitoring 
wells' 

Sample source area X X X X X X X 
monitoring wells> 

Sample Dosing wells3 XXXX X X X X X X 

Measure nutrient XXXX X X X X X X 
concentrations '.>.' 

Microbiological sampling ',> XXXX X X X X X X 

, Includes monitoring wells MPT-1406-5, MPT-1406-7, MPT-1406-15, and MPT-1406-17, 
> Includes monitoring wells MPT-1406-6 and MPT-1406-16, 
3 Analyses include dissolved oxygen, redox potential, pH, and iron, 
• Includes samples of potable water and oxygen/nutrient solution, 

Notes: X indicates task to be performed, 
XXXX indicates weekly sampling for the first month. 
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5.0 COST ESTIMATE 

The cost estimate is inserted following Appendix B in those report copies that 
require it and has been omitted in others. This was done to facilitate Navy 
procurement requirements. 
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6.0 SCHEDULE 

It is estimated that the necessary equipment and materials can be delivered to 
the site within 8 to 10 weeks of notification to the suppliers. Preparation of 
any necessary construction plans or permit applications should begin immediately 
upon notice to proceed from the Navy. The permitting procedure is expected to 
take approximately 4 weeks. The permits required for implementation of the RAP 
include construction permits issued by the local county building department. 
Upon acquisition of the permits, equipment, and materials, it is estimated that 
the system installation and startup will take approximately 4 weeks. 

Prior to the implementation of the system, final construction and engineering 
drawings should be submitted, as necessary, along with equipment and material 
information for the remedial system. After the system is implemented, as-built 
drawings of the system should be prepared and submitted in accordance with 
Section 7.0. 
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7.0 DOCUMENTATION 

An O&M manual should be provided at the time of installation and start up. The 
manual should provide all necessary information for the proper operation and 
maintenance of the system by someone other than the builder. The O&M manual 
should include, at a minimum, the following: 

system startup instructions; 

system shutdown instructions; 

control diagrams; 

signed and sealed "as-built" drawings; 

equipment manufacturers' product information for each system component; 

equipment warranty and guaranty information; 

equipment service and repair vendor phone numbers; 

system troubleshooting guide; 

equipment and system maintenance schedule and checklist; 

Material Safety Data Sheets for materials used or being treated; 

monitoring schedule, including sampling frequency, sampling locations, 
required analyses, and parameters for field measurement; and 

instructions for maintaining a site activity log. 

The manual should be assembled and bound in a manner suitable for use in the 
field. 
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B.O PROFESSIONAL REVIEW CERTIFICATION 

This RAP was prepared using standard engineering practices and designs. The plan 
for remediating this site is based on the information collected between June 1992 
and August 1993 and engineering detailed in the text and appended to this report. 
If conditions are determined to exist differently than those described, the 
undersigned professional engineer should be notified to evaluate the effects of 
any additional information on the design described in this report. 

This RAP was developed for the Alpha-Delta Piers site, NAVSTA Mayport, Florida, 
and should not be construed to apply to any other site. 

Celora D. Jackson 
Project Engineer 

Blake Svendsen 
Engineer 
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Michael K. Dunaway 
P.E. No. 39451 
Principal Engineer 
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APPENDIX A 

LABORATORY ANALYTICAL RESULTS 





UST NON-CLP DATA VALIDATION 
USED OIL ANAL VTICAL GROUP 

PROJECT: NS tYl~fO(t - AID ?;er DATE: ~- 21-93 

PROJECT No: 7515. '=>0 LABORATORY: E..--W/A 

Laboratory data report complete? 

QC data report complete? 

Holding time exceeded? 

YLN 

Y /' N 

Y ,; N 

METALS ANALYSES (Arsenic, Cadmium, Chromium, Lead) 

Was the condition of samples (filtered or Y V N 
unfiltered) noted on the COC? 

Laboratory blanks within limits? Y V N 

Equipment blanks within limits? Y V N 

Y -.L. N 

Y V N 

ITEM: 

ITEM: 

ITEM:~ 

ITEM: 

ITEM: 

ITEM: 

ITEM: 

Duplicates meet UST acceptance criteria? 

Reported concentrations above detection limits? 

LCS/spike control samples within limits? Y N 1 ITEM:.ilL 

PRIORTY POLLUTANT VOLATILE ORGANICS (including non-priority organics 
> 10ppb): EPA Methods 624 or 5030/8240 

Surrogates within limits? 

Laboratory blanks within limits? 

Equipment blanks within limits? 

Duplicates meet UST acceptance criteria? 

Y 

Y 

Y 

Y 

Reported concentrations above detection limits? Y 

Elevated detection limits for undetected Y 
compounds of interest? 

N 

N 

N 

N 

N 

N 

ITEM 

ITEM 

ITEM 

ITEM 

ITEM 

ITEM 

Items: (j) l-\oldi'j -1/mLS exc£edd on MIT- l4-cG:,- 20 wh~n ('v..V"I 

+h.L ~~U)rJd ±jm~) dltH .. re.ctjuw : 5-1~ -'.3 J da.te extrackd: "-2-'73. 

(i; MS/MSl) % Kec. hdovJ acc£pfobl.e QC "mits -£or /'Uld. 
Recommendations: 
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UST NON-CLP DATA VALIDATION 
USED OIL ANALYTICAL GROUP 

PROJECT: Ns M~po(t- A/D pier DATE: ~-2-1-'73 

PROJECT No: ,5/5. [Po LABORATORY: £- - w / A 

PRIORITY POLLUTANT EXTRACTABLE ORGANICS: 
EPA Methods 625, 3510/8250 or 3510/8270 

Surrogates within limits? Y N / ITEM --
Laboratory blanks within limits? Y ../ N ITEM --
Equipment blanks within limits? Y V N ITEM --
Duplicates meet UST acceptance criteria? Y V' N ITEM 

Reported concentrations above detection limits? Y V N ITEM 

Elevated detection limits for undetected Y N ~ ITEM 
compounds of interest? 

(j) 

--

, --

Laboratory blanks within limits? Y..L.. N ITEM ---'iL 

TOTAL RECOVERABLE PETROLEUM HYDROCARBONS: EPA Method 418.1 

Equipment blanks within limits? Y V N ITEM 

Duplicates meet UST acceptance criteria? 

Reported concentrations above detection limits? 

Elevated detection limits for undetected 
compounds of interest? 

Y V N 

Y ~ N 

ITEM 

ITEM 

Y N V ITEM @ 

M"PI- 14-0(0- 2-0 ~a.+e g"oalY"Z..-ed 5 -2...e -"73. @ Cab conrl-avYli~) 

bu.ryl l>en 2 jl pItJ/wJJJ.;u_ J de-le.cf.ecl in MPT- 14-00-M w'z-o date.- OJt1CtiJud 
AaeommerulatioAEi 6 -3 -j..3. @ D-e.ie.ction limih, ra.i~~ ~(,)r 

1-0 2S rrcJ /1-- . 
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UST NON-CLP DATA REVIEW 
FIELD INFORMATION 

NEESA LEVEL E SAMPLING DATA 

DATE: 

PROJECT No.: 1516.100 

PROJECT: tVS N1~pcw± - AIr> Pier 

PROJECTMGR: -:J'th(l ~i~-er 

TO BE FILLED IN BY PROJECT PROFESSIONAL: 

1. Total number of samples: monitoring wells (soil 
borings) 

duplicates (10%) 3 --=----
trip blanks (1/c~~~er) Z. 

-~---

equipment blank (1/day) 3 
-~---

field blank (1/event) 

2. Were any QA problems encountered during sampling? 
If yes, explain below. 

3. Were there any client-required deviations from standard 
field QA? If yes, explain below. 

4. What was the source of the sample bottles? ---..::lg..b=~ __ 

5. What was the sampling period? From: 5 -II -<)3 To: 5 - J~ -~ 

TO BE FILLED IN BY THE REVIEWER: 

1. Data set complete? Y V N 

2. Are the units of measurement consistent? (for example, Y .; N 
do all 610 results have the same units?) 

N~ 3. Appropriate number of blanks collected? V ./ 
4. Appropriate number of duplicates collected? Y N .; 
5. Complete chain of custody provided? Y ../ N 

6. Appropriate sample preservatives indicated on COC? Y N V 

Explanations/Other: Q.:@pce-prl cub.. ~ l~C£ctts col\~c..+t.d £oe 8 rowndyJ:ciy= 

M no cb-p\;ctct~ =:\OLM -{Or SO'I \. """Jh. CDC .4'0(" "' -/7 -~ does 
ReeommeAdations. oaL snow *"Vu. -tf'If> bl?lV]t sen±: +M 
d~, LOCs ~Or "~17-<J3 C41d ~-J<J-/..3 do not ifldicu-k eres€f'Uo.+~()6. 

SwnfJl.e. c.o\I-l.(.+ed on b-ICO-'33 vJer.e shipped wl-J-h +t-t- 'Samples 
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CALCULATIONS 





HEIGHT OF CAPILLARY RISE CALCULATION 
NS Mayport, Alpha Delta Piers 

The height of capillary rise above the saturated zone in soil can be estimated as 
follows (Terzaghi and Peck, 1967). 

h = c 

where: he = the height of capillary rise (centimeters) 
C = an empirical constant which ranges from 0.1 to 0.5 cm 2 

e = the void ratio (dimensionless) 
D,o = the effective grain size (centimeters) 

The void ratio is calculated from the porosity (n), estimated at 0.25 at this site, as 
follows. 

e = n 0.25 = 0.3333 
1 - n 1 - 0.25 

Soil at the site is described as very fine to fine grained sand. A typical grain size 
distribution for a fine sand (Driscoll, 1987) has a D,o of 0.008 cm. Using a 
conservative C value of 0.1 cm 2

, the height of capillary rise is: 

h = 0.1 em
2 

= 37.5 em e< 1.25 ft 
c 0.3333 x 0.008 em 

References: Driscoll, Fletcher G., 1987, Groundwater and Wells, second edition: 
Johnson Division, St. Paul, Minnesota, pages 410-411. 

Terzaghi, Karl, and Ralph Peck, 1967, Soil Mechanics in Engineering 
Practice, second edition: John Wiley & Sons, New York, page 133. 



STORM WATER PIPE REHABILITATION 
NS Mayport, Alpha Delta Piers 

The storm water drainage pipe which runs along Maddox Avenue to the Delta Pier will 
be rehabilitated to prevent contaminated groundwater from infiltrating and discharging 
to the turning basin. The proposed rehabilitation consists of installing pipe liners from 
the bulkhead to a point approximately 250 feet inland. The liners will have to be 
installed in segments because of bends, diameter changes, and structures in the 
existing pipe. The liners will be installed at the specified access points to minimize 
disruptions to ongoing activities at the pier. 

The recommended liners are 20 and 24 inch diameter fiber reinforced plastic, 
polyethylene, or PVC with bell and spigot sleeve joints with gaskets to provide a 
suitable seal. Detailed construction plans and material specifications will be prepared 
as necessary by the specialty contractor installing the liners. To minimize excavations 
and disruption of site activities, it is recommended that the liners be installed from an 
excavation located at the storm drainage inlet near the pier gate, as shown on Figure 
8-1. Excavation at this point allows access to the 24 inch diameter pipe to the south 
and to the 30 inch diameter pipe to the north, up to the bend at the manhole. The 
segment from the manhole to the bulkhead can be accessed through the bulkhead, 
with the liner being inserted back to the manhole. The space between the existing 
pipe and the liner will be filled with grout and the liner will be sealed at each entrance 
and exit to prevent short circuiting and to protect the structural integrity of the liner. 

Prior to installing the liner, the section of pipe to be lined will be cleaned to remove 
sediment, rocks, or debris which may have accumulated. A video inspection of the 
pipe will be performed to verify that the pipe will accept the liner or to identify 
obstructions which must be removed. 
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Consider the benefits: 
In most cases sliplining is more cost 
efficient than total pipeline replacement. It 
can also be accomplished without 
disrupting outflows. Smooth walled 
polyethylene or fiberglass liners can 
increase hydraulic capacities and resist 
most corrosives that breakdown pipelines 
of other composition. Moreover, Hall is 
experienced in Slip lining pipes from 8" to 
84" in diameter. 

Now, everything having been considered, if you 
have a pipeline that needs rehabilitation or a project 
in the planning stage, shouldn't you call Hall? 

HALL Con"actingCo.p. 
Performing More 

P.O. Box 560218 
Charlotte, NC 28256 

If you are experiencing 
deterioration of your 
pipeline or if infiltration is 
causing excess flows in 
your treatment system, Hall 
Contracting has the 
answer. Pipeline 
rehabilitation utilizing the 
Slipline method. 

A fully restored pipeline system 
utilizing the Slipline method. 

Put Hall's experience 
to work for you today! 

Phone: (704) 598-0818 
All inquiries are invited! 



Price Brothers HOBAS® Pipe can be used as 
a liner pipe to rehabilitate leaking, damaged, ~ 

.:or corroded pipelines - as good as new! 

HOBAS Pipe is used to reline this damaged sewer pipeline with only minimal excavation. Over 4000 feet of 
·48-inch diameter HOBAS pipe was installed from a single insertion pit and then pushed through the existing 
54-inch pipeline. This project is one of numerous Price Brothers HOBAS Pipe success stories - write or 
call today for more information! 

RICE. __ 

Call us at (904) 284-3003 or write to: 
Price Brothers Composite Pipe, Inc., P.O. Drawer B, Green Cove Springs, Florida 32043. 
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Installation 
HOBAS® Liner Pipe is installed 
from an insertion pit normally 
located at a change in line di­
rection or at some other easily 
accessible location. The length 
of the insertion pit is determined 
by the maximum pipe length to 
be used and the insertion tech­
nique selected. Pit width is deter­
mined by the diameter of the 
existing pipe and applicable 
safety regulations. 

Insertion 
Prior to insertion, the existing 
line must be thoroughly cleaned. 
A test pipe is then pulled through 
the line to insure there are no 
obstructions or offset joints which 
could impede the sliplining 
operation. 

HOBAS Pipe is inserted spigot 
end first by either pushing (back­
hoe or jacking machine) or pulling 
(cable and winch system). Pipe 
can be joined and continually 
pushed or each piece pulled in­
dividually into place. Insertion is 
accomplished while maintaining 
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flow which helps to lubricate the 
line. Because of its high axial 
strength, HOBAS® Pipe can be 
pushed or pulled distances in 
excess of 3,000 feet, depending 
on pipe diameter, stiffness and 
condition of the existing line. 

After sliplining in both direc­
tions from the insertion pit, the 
line is closed with a prefabricated 
closure piece or a mechanical 
coupling. Prefabricated elbows 
can be provided for-installation 
in the pit where there is a change 
in line direction. 

House Connection 
Service laterals are normally in­
stalled by excavating from ground 
level and connecting to the 
HOBAS Liner Pipe with a con­
ventional tapping sleeve or pipe 
saddle. For large diameter pipe, 
it is sometimes possible to make 
a service connection from inside 
the liner pipe by precisely pre­
locating each service lateral using 
acceptable surveying techniques. 
Remote control systems for in-

ternally locating and cutting 
service connections may be 
available, depending on size 
and type of pipe used. 

Grouting 
Accepted practice is to cement 
grout the annular space between 
the liner pipe and the existing 
pipe to complete the structural 
rehabilitation of the deteriorated 
pipe. Grouting also protects the 
liner pipe from potential point 
loading caused by the collapse 
of the existing pipe. 

Grout is pumped at controlled 
pressures from ground level 
through grout taps installed prior 
to pipe insertion, or pressure­
grouted from manholes and in­
sertion pits. A third method some­
times used with large diameter 
pipe is to grout from inside the 
pipe through threaded grout 
holes installed in the HOBAS 
Liner Pipe. 

Exact specifications for grout­
ing will vary, depending on the 
method used, type and capacity 

of equipment, and volume of 
the largest single continuous 
displacement. Neat cements or 
cement-fly ash grouts are com­
monly used with compressive 
strengths ranging from 500 to 
3,000 psi. Grout mixes and 
compressive strengths will vary, 
depending on the condition of 
the old sewer, pumping distances 
and ground water infiltration, as 
well as cost and availability. What­
ever grout method and mix are 
selected, grouting should pro­
ceed in several controlled lifts 
with grout pressures limited to 
a maximum of 5 psi. 



Design Data 
HOBAS® Pipe features a proven 
design following nationally recog­
nized AWWA and ASTM stan­
dards. The design takes into 
account external dead and live 
loads, hydrostatic collapse resis­
tance, jacking loads and grout­
ing pressures. To rehabilitate a 
severely deteriorated and struc­
turally unsound existing pipeline, 
HOBAS Pipe can be designed 
as a total structural replacement, 
assuming no structural load­
carrying capability from the 
existing pipe. 

Stiffness 
Stiffness is a measure of the 
pipes' ability to resist external 
loads, external hydrostatic heads 
and grouting pressures. For pipe­
line rehabilitation, HOBAS Pipe 
is available in three standard stiff­
ness classes (18, 36 and 72 psi). 
These standard designs allow 
engineers to select a pipe stiff­
ness which will best satisfy their 
design conditions, i.e. condition 
of existing pipe, imposed loads, 
grout pressures and jacking 
distances. 

Design Criteria 
Pipe and fittings should be 
designed to withstand loadings 
as described below with no 
structural consideration given 
to support from the existing 
pipe. 

e Hydrostatic Pressure-Water 
table should be assumed as 
being one (1) foot below 
finished grade. 

• Dead and Live Loads-Soil 
weight and H20-44 highway 
loading or Cooper E80 rail­
road loading. 

e Hydrostatic Collapse 
Resistance-For evaluating 
the pipes' hydrostatic col­
lapse resistance due to exter­
nal hydrostatic loads imposed 
on the pipe, the recom­
mended calculation is: 

P _ 24EI where: 
w - (l-fL2)eD3eN 

E = Material modulus of elasticity, psi 
I = Moment of inertia of pipe wall, 

in.4/in. 
J.I. = Poisson's ratio 
D = Mean diameter, in. 
N = Safety factor (2.5 recommended) 
Pw = Maximum hydrostatic pres-

sure pipe can withstand, psi 

e Buckling-Pipe should be de­
signed to resist buckling in 
accordance with Appendix A of 
AWWA C950, utilizing a safety 
factor of 2.50. The buckling 
analysis should account for 
the combination of dead, live 
and hydrostatic loads, and a 
modulus of soil reaction (E') 
of 2,000 psi. Liner pipe should 
be designed for a maximum 
grouting pressure of 5 psi 
with a safety factor of 2.50. 

Hydraulic Design 
A Manning's "n" of 0.009 for 
gravity flow applications or a 
Hazen-Williams "C" of 150 for 
pressure applications is recom­
mended. With the HOBAS Pipe 
oversized internal diameter and 
smooth wall, it is possible to 
reline an existing gravity flow 
pipeline with no loss of hydraulic 
capacity. 

Note: All dimensions nominal based on 36 psi stiffness pipe. 
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tal' 
HOBAS 

Recommended 
product 
specification 

HOBAS Liner Pipe 
Fiberglass pipe shall be manufac­
tured in accordance with ASTM 03262, 
Type 1, Liner 2, Grade 3. Pipe shall 
be equal to HOBAS Centrifugally Cast 
Pipe as manufactured by Price Brothers 
Composite Pipe, Inc. 

Pipe, fittings and special pieces shall 
be designed to withstand all dead 
and live loads, external hydrostatic 
pressure and grout pressures. No 
structural consideration is to be given 
to support from the existing sewer 

Table A-HOBAS Pipe Sizes 

pipe. Pipe shall be designed to resist 
buckling in accordance with Appendix 
A, AWWA C950, utilizing a safety factor 
of 2.50. The buckling analysis shall 
account for the combination of dead, 
live and hydrostatic loads and a modu­
lus of soil reaction (E') of 2,000 psi 
shall be used. Pipe shall be designed 
for a maximum grouting pressure of 
5 psi with a safety factor of 2.50. 

Pipe diameters and minimum allow­
able pipe stiffness shall be as shown 
on the project plans. Pipe stiffness 

shall be tested in accordance with 
ASTM 02412. 

Pipe shall be smooth inside and out 
with no internal or external stiffening 
ribs allowed. 

Pipe shall be field connected with 
bell and spigot sleeve joints meeting 
the requirements of ASTM 04161. An 
elastomeric gasket meeting the re­
quirements of ASTM F477 shall be 
used to provide a sealing system at 
each joint. Maximum allowable joint 
deflection shall be two degrees. 

Note: Above dimensions and weights are nominal and subject to change based on pipe stiffness, wall thick­
ness, pressure class and joint type. 

Table B-Physical Design Values for HOBAS Pipe in 
Nominal Diameters from 18 Inches to 84 Inches 

Note: Design values vary, based on diameter, 
pipe stiffness and pressure class selected. 

I Gasket Groove 

II ~~~ai 
I.. Pipe Length ~ I 
Price Brothers HOBAS Liner Pipe 

hi 
HOBAS is the registered trade name of HOBAS Engineering and Durotec Ltd. for the centrifugally cast fiberglass pipe that Price Brothers.. 
Composite Pipe. Inc. is licensed to manufacture as HOBAS Pipe. 

HOBAS Price Brothers Composite Pipe, Inc., 367 W. Second St., P.O. Box 825, Dayton, Ohio 45401, 1-800-543-5147 



-------------- ------ ----- -------------

, Recommended 
product 
specifications 

Gravity-flow applications Cove Springs, Florida, or approved equal. ASTM D3262, shall meet all physical test 

Manufacture: Pipe shall be manufac­
tured in accordance with ASTM D3262 
"Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Sewer Pipe. The 
pipe shall meet the following cell limits: 
Type 1 Glass-Fiber-Reinforced thermo­
setting polyester resin mortar (RPMP 
polyester), Liner 2 Non-reinforced 
thermoset liner, Grade 3 Polyester resin 
and sand coating non-reinforced. The 
method of manufacture shall be centrifu­
gal casting resulting in a controlled out­
side diameter. The pipe shall have a pipe 
stiffness as determined by the design for 
the project conditions. Pipe shall be 
HOBAS Pipe as manufactured by Price 
Brothers Composite Pipe, Inc. of Green 

Force-main applications 

, Manufacture: Pipe shall be manufac­
tured in accordance with AWWA C950 
Fiberglass Pressure Pipe. The pipe shall 
meet the following cell classifications: 
Type" Centrifugally cast, Grade 4 glass 
fiber reinforced polyester mortar (RPM 
polyester), Liner D non-reinforced thermo­
set liner. The pipe shall have a controlled 
outside diameter. The pipe shall have a 
pressure class and pipe stiffness as de­
termined by the design for the project 
conditions. Pipe shall be Price Brothers 
HOBAS Pipe as manufactured by Price 
Brothers Composite Pipe, Inc. of Green 
Cove Springs, Florida, or approved equal. 

Resin Systems: Only polyester resin 
systems which can be shown to be 
adequate for the specified project service 
conditions may be used. 

liner and Exterior Coating: The 
corrosion liner shall consist of a minimum 

Resin Systems: Only polyester resin 
systems which can be shown to be 
adequate for the specified project service 
conditions may be used. 

liner and Exterior Coating: The 
corrosion liner shall consist of a minimum 
thickness of 0.04 inches of non-reinforced 
polyester resin. The outside pipe coating 
shall have a minimum thickness of 0.03 
inches and shall consist of thermosetting 
polyester resin and sand. 

Structural Wall: The structural wall shall 
consist of glass fiber reinforcement, 
thermosetting polyester resin, and sand 
proportioned and oriented such that the 
pipe, when tested in accordance with 

thickness of 0.04 inches of non-reinforced 
polyester resin. The outside pipe coating 
shall have a minimum thickness of 0.03 
inches and shall consist of thermosetting 
polyester resin and sand. 

Structural Wall: The structural wall shall 
consist of glass fiber reinforcement, 
thermosetting polyester resin, and sand 
proportioned and oriented such that the 
pipe, when tested in accordance with 
AWWA C950, shall meet all physical test 
requirements including those for the 
required pressure class and pipe stiff­
ness. 

Joints: All joints shall have an exterior 
coupling consisting of an elastomeric 
membrane with dual function sealing fins 
on each side of a center stop with the 
membrane overwrapped with a filament 
wound glass fiber reinforcement sleeve. 
Restrained joints, where required, shall be 
recommended by the manufacturer. The 
elastomeric membrane shall meet the 
requirements of ASTM F477. 

requirements including those for the 
required pipe stiffness. 

Joints: All joints shall be gasketed bell 
and spigot type or FWC coupling with 
elastomeric membrane meeting the 
requirements of ASTM D4161 . Either the 
gaskets or elastomeric membrane shall 
meet the requirements of ASTM F477. 

Design: The pipe shall be designed for 
the project burial and service conditions in 
accordance with Appendix A of AWWA 
C950 Fiberglass Pressure Pipe where ap­
plicable for a non-pressure pipe. The 
design shall be based on a strain analysis 
and the corrosion liner shall not be 
considered as contributing to the struc­
tural strength of the pipe. 

Hydrostatic Leak Tests: The manufac­
turer shall hydrostatically test all pipe of 
54-inch diameter and smaller to twice its 
pressure class. Pipe with a diameter of 60 
inches or greater shall be hydrostatically 
tested at a frequency and pressure 
agreed on by the pipe manufacturer and 
purchaser. The pipe shall not fail, leak, or 
weep, at the applicable sustained hydro­
static test pressure when tested at 
ambient temperature for at least 30 
seconds. The hydrostatic test shall be 
conducted with end closures that do not 
inhibit free axial movement of the pipe. 
The method of testing shall simulate field 
assembly of the joint with an elastomeric 
seal used at each closure. 

Design: The pipe shall be designed for 
the project burial and service conditions in 
accordance with Appendix A of AWWA 
C950. The design shall be based on a 
strain analysis and the corrosion liner 
shall not be considered as contributing to 
the structural strength of the pipe. 

lit 
HOBAS is the registered trade name and mark of HOBAS engineering and Duratec Ltd. for the centrifugally cast fiberglass pipe that 
Price Brothers Composite Pipe, Inc. is licensed to manufacture as HOBAS Pipe. 

HOBAS Price Brothers Composite Pipe, Inc., P.O. Drawer B, Green Cove Springs, Florida 32043 
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Table A - Height of cover table (1)(2) 

Pressure Rating 
Gravity 50 psi 100 psi 150 psi 200 psi 250 psi 

Pipe Max. Min. Max. Min. Max. 
Stiffness Cover Cover Cover Cover Cover 

(psi) ft. ft. ft. ft. ft. 

18 28 3 22 2 27 

36 29 2 22 2 27 
46 29 2 22 2 27 
72 30 2 27 

The above height of cover table is based on the follow­
ing operating and installation conditions: 

Surge pressure and operating pressure 
= 1.40 x operating pressure 

Vacuum pressure = 10 psi (pressure pipe only) 
Weight of backfill =120 Ib/ft3 . 
Water table = 4 feet beneath grade., 
Modulus of soil reaction (E') = 1,500 psi 
Deflection lag factor = 1 .50 (for burial depths less than 

., 5 feet, deflection lag factor is 2.0) '. 
Live load =AASHTO H20-S16 Truck. " 
Temperatures: Maximum operating =100° F'." 
'. Minimum operating =40° F. 

Installation = 75° F: . 
Deflection coefficient (Kx) = 0.103 

Ring bending shape factor (D,) is: 

Pipe stiffness (psi) . D, 
18 ............................. : ..... 6.5 
36 ................................... 5.5 
46 ................................... 5.0 
72 ................................... 4.5 

Min. Max. Min. Max. Min. Max. Min. 
Cover Cover Cover Cover Cover Cover Cover 

ft. 

2 
2 
2 
2 

ft. ft. ft. ft. ft. ft. 

29 2 29 2 
29 2 30 2 
30 2 30 2 31 2 

Notes to Table A: 
(1) This table of maximum and minimum depths of 

cover for HOBAS Pipe was prepared in accordance 
with the design principles in Appendix A of AWWA 
C950, the operating and installation conditions 
shown, and the physical properties of the gravity and 
pressure pipe indicated. If the project operating and 
installation conditions vary significantly from those 
shown, please contact your local Price Brothers 
Composite Pipe representative. 

(2) The maximum and minimum depths of cover can 
vary significantly by specifying other types of backfill 
soil, degree of compaction, shaped bedding, or a 
combination of these installation factors. For the 
interrelationship of the installation factors and their 
effect in pipe' design, see Appendix A of A WWA 
C950. 

Table B - Physical design values for HOBAS® Pipe in 
nominal diameters from 18 inches to 84 inches 

Gravity Pipe 

Pressure Pipe 

Gravity and 
Pressure Pipe 

pipe stiffness 18, 46, 72 psi 
Hoop flexural modulus ............................................. 1.500 to 1.670 x 106 psi 
Axial tensile modulus ............................................... 0.390 to 0.630 x 106 psi 
Density ..................................................................... 110 to 121 pounds per cubic foot 

pipe stiffness 18, 36, 72 psi 
pressure class 50, 100, 150, 200, 250 psi 
Hoop flexural modulus ............................................. 0.725 to 2.280 x 106 

Hoop tensile modulus .............................................. 0.600 to 2.750 x 106 

Axial tensile modulus ............................................... 0.370 to 1.640 x 106 

Hydrostatic design basis .......................................... 0.0070 to 0~0091 inches per inch 
(HOB) Strain - 50 years ........................................... 0.70 to 0.91 percent 
Density ..................................................................... 103 to 121 pounds per cubic foot 

Thermal coefficient 16 x 10.6 inches per inch per degree Fahrenheit 
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::"Table C.- HOBAS® gravity pipe 
C' 

J' 

Nom. 00 PS=18psi 
Dia. t wt. 
(in.) (in.) (in. ) (Ib .lIt.) 

18 19.5 .32 15 
20 21.6 .35 18 
24 25.8 

~ 

.41 26 
30 32.0 .47 36 
36 38.3 .59 59 

42 44.5 .67 79 
48 50.8 .76 102 
54 57.1 .85 129 
60 62.9 .93 156 
66 69.2 , 1.02 188 

72 75.4 1.14 226 
78 81.6 1.23 265 
84 88.0 1.32 307 

Notes to Table C: 
All weights and dimensions are nominal. Weight given 
does not include coupling. 
PS = pipe stiffness at 5% deflection per ASTM 02412. 

Reference Specifications: 
• ANSI/ A WWA C950-88 

Fiberglass Pre~sure Pipe 
• ASTM D 3262-87 

"Fiberglass" (Glass-Fiber-Reinforced Thermosetting-
Resin) Sewer Pipe " 

• ASTM D 4161-86 
"Fiberglass" (Glass-Fiber-Reinforced Thermosetting­
Resin) Pipe Joints Using Flexible Elastomeric Seals 

For information and availability on diameters 72 
inches through 84 inches, call us at (904) 284-3003 
or write to: Price Brothers Composite Pipe, Inc., 
P.O. Drawer B, Green Cove Springs, Florida 32043. 
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PS=46 psi PS=72 psi 
t wt. t wt. 

(in.) (Ib./lt. ) (in. ) (Ib./ft. ) 

.42 20 .47 23 

.46 25 .52 28 

.54 35 .62 40 

.66 54 .75 62 

.77 78 .89 89 

.89 105 1.02 120 
1.01 126 1.16 156 
1.13 172 1.30 196 
1.26 208 1.43 238 
1.37 252 1.57 288 

1.52 302 1.74 345 
1.64 353 1.88 404 
1.76 410 2.02 470 

Because HOBAS Pipe can be designed and manu­
factured to meet various stiffness and pressure 
requirements, it is the right choice for many deep 
trench gravity sewer installations. 



RESULTS FROM LABORATORY TESTING 
NS Mayport, Alpha Delta Piers 

Laboratory testing was conducted to evaluate the feasibility of using bioremediation to treat petroleum 
contamination in the groundwater at the Alpha Delta Pier at NS Mayport. The testing was performed 
by ABB Environmental Services Treatability Laboratory in Wakefield, MA. 

TEST DESCRIPTION 

Hydrocarbon biodegradation rates are primarily a function of oxygen and nutrient availability. Other 
factors that effect the rate of hydrocarbon biodegradation include the presence of petroleum degrading 
bacteria and the chemical nature of the petroleum contamination. The preliminary phase of the 
treatment simulation was designed to evaluate the microbial and chemical characteristics of site 
groundwater. It was necessary to establish that petroleum degrading bacteria were present in the 
groundwater before proceeding with further testing. 

Once these parameters were established a treatment simulation test was performed to evaluate the 
effectiveness of using metal peroxides as a source of oxygen. The bench-scale testing was necessary 
since iron is present in the groundwater and anticipated chemical oxygen demand (COD) associated 
with iron and other inorganics could affect oxygen availability. Nutrients are also essential for 
biological treatment. However, the results of nutrient analysis, shown in Table B-1, indicate that trace 
amounts of nitrogen and phosphorus are present in site samples which may be sufficient to support 
biological activity. Therefore, nutrient delivery was not evaluated during the treatment simulation. 

Results From Initial Analysis 

Initially laboratory analysis were conducted to identify the nature of the petroleum contamination by 
generating a gas chromatograph fingerprint of the contamination in the groundwater. The fingerprint 
is a visual profile of the petroleum hydrocarbons which is compared to known standards to characterize 
the contamination type. Upon visual inspection of the fingerprint, it was determined that the petroleum 
contamination is characteristic of very weathered diesel fuel or #2 fuel oil. The petroleum fingerprint 
of the groundwater is shown in Figure B-5. 

The groundwater samples were also analyzed for heterotrophic bacteria. Both total heterotrophic 
bacteria and specific petroleum degrading heterotrophic bacterial populations were enumerated to 
determine if indigenous groundwater bacteria were present to support biological activity. The results 
shown in Table B-2 indicate that a healthy population of bacteria, including petroleum degraders, are 
present in site groundwater. 

Treatment Simulation Test Description and Results. 

Laboratory testing was conducted to measure oxygen delivery using magnesium peroxide. These tests 
were conducted on groundwater from the site under simulated site conditions. Oxygen delivery was 
accomplished using metal peroxides that slowly release hydrogen peroxide into the groundwater. The 
hydrogen peroxide breaks down into oxygen and water. A vendor provided ABB with two samples of 
magnesium peroxides in solid form (powder). 

An initial screening test was conducted to evaluate the rate of oxygen release from each of the two 
peroxides. The test was conducted using glass serum bottles containing groundwater from monitoring 
well 16 (MW-16) and magnesium peroxide. The bottles were air-tight, sealed with silicon-faced septa 
and placed on an automatic shaker. The two types of peroxide, type F and type B, were evaluated 
at two different concentrations. A summary of the test conditions are shown in Table B-3. The 



dissolved oxygen in the groundwater was measured following 24, 48 and 120 hours of incubation. 
Peroxide type F released oxygen much faster than type B in the test period. The dissolved oxygen 
results are shown in Table B-4 and Figure B-3. In addition, cumulative dissolved oxygen released per 
gram of metal peroxide is shown graphically in Figure B-4. Based on these results, the magnesium 
peroxide F was chosen for treatment simulation testing. 

Treatment Simulation Test Apparatus. A column test was conducted in order to measure oxygen 
delivery using metal peroxides. The test apparatus, diagramed in Figure B-2, consisted of a one inch 
diameter glass column filled with site soil and groundwater, a peristaltic pump to facilitate groundwater 
flow through the column, and influent and effluent groundwater reservoirs. A glass vessel was placed 
in line which contained 20 gms of type F magnesium peroxide held within a permeable sock. The 
groundwater flow was set at 1.3 ml/min to simulate site conditions. The treatment simulation test was 
conducted using a composite of groundwater from monitoring wells 14 and 16 and was operated 
continuously for 3 days. An adequate volume of groundwater was available so that recirculation of 
the groundwater was not required. During the test period, groundwater samples were collected from 
3 ports: the groundwater reservoir, the column influent sampling port which was located in line 
following the peroxide vessel, and the column effluent. 

Following 24 hours, heads pace gas had built up in the peroxide vessel. Since the system was air tight, 
it was assumed that dissolved oxygen produced from the peroxide was coming out of solution which 
forced dissolved nitrogen to vaporize from the groundwater as the system reached equilibrium with the 
atmosphere. As the dissolved gas came out of solution, the groundwater in the peroxide chamber was 
displaced. An additional sampling port was installed in the peroxide vessel to measure the make up 
of the headspace. Analysis of the headspace gas by a thermal conductivity detector revealed that the 
gas was comprised of approximately 30% oxygen and 70% nitrogen. The headspace gas in the 
peroxide vessel had to be displaced several times during the treatment simulation test period to keep 
the peroxide membrane saturated with groundwater. The results of the dissolved oxygen 
measurements taken during the test are outlined in Table B-5. 

CONCLUSIONS 

Results from initial analysis indicate that bioremediation should be considered to reduce the 
concentration of TRPH in groundwater at the Alpha Delta Pier site. Results indicted that hydrocarbon 
bacteria are present in the groundwater and that the type of fuel present appears to be characteristic 
of weathered diesel or #2 fuel, which is biodegradable. The pH of the water was found to be 
acceptable for biological treatment. Mineral nutrients were measured in groundwater and site soil. 
Based on those results ABB-ES is not recommending adding nutrients. Data indicates that there may 
be sufficient nutrients present in the groundwater to support bioremediation. The only limiting factor 
appears to be oxygen concentrations. 

The results from the laboratory testing designed to evaluate oxygen delivery systems using magnesium 
peroxide indicated that this approach is feasible at the Alpha Delta Pier Site. The maximum amount 
of oxygen that can be delivered to the groundwater was approximately 20 mg/I, based on results from 
the screening test. Results from the column test indicate that a constant level of 10 mg/I oxygen was 
delivered. The concentration of the oxygen in the groundwater was lower in the column test because 
of the losses of the oxygen to the gas phase. 

ABB-ES is recommending using the magnesium peroxide to deliver oxygen as part of the remediation 
process designed to reduce the concentration of TRPH along the perimeter. 



Table B-1 
Preliminary Analysis 

Inorganic Nutrients and pH in Soil 

Remedial Action Plan 
Alpha Delta Pier 

Mayport Naval Station 
Mayport, Florida 

Sample I.D. Total Ammonia Nitrogen Nitrate Phosphate Phosphorous Total Phosphorous pH 
Kjeldahl Nitrogen 
Nitrogen 

Site Soil (mg/kg) N/A <5 1.3 N/A 10 7.5' 

Site Groundwater 7.8 2 1.42 <0.05 2 <0.05 2 N/A 7.0 
(MTP-1406-
MW6) (mg/L) 

Notes: 
N/A = Not analyzed , 

= Measured using a site soil and groundwater slurry 
2 = Based on previous site data from Enseco 

Table B-2 
Preliminary Analysis 

Bacteria in Groundwater 

Remedial Action Plan 
Alpha Delta Pier 

Mayport Naval Station 
Mayport, Florida 

Sample I.D. Colony Forming Units Imt 

Total Heterotrophic Bacteria I Specific Petroleum Degrading Bacteria 

MW- 14 43 1.3 

MW- 16 270 16 



Table 8-3 
Peroxide Evaluation - Initial Screening Test for Metal Peroxide Oxygen Release 

Summary of Test Conditions 

Remedial Action Plan 
Alpha Delta Pier 

Mayport Naval Station 
Mayport, Florida 

Test Condition Site Groundwater Magnesium Peroxide 

Type F I Type B 

1 (control) 40 ml 0.0 O.Og 

2 40 ml 0.125g O.Og 

3 40 ml 0.250g O.Og 

4 40 ml O.Og 0.250g 

5 40 ml O.Og 0.500g 

Table 8-4 
Peroxide Evaluation - Initial Screening Test for Metal Peroxide Oxygen Release 

Dissolved Oxygen (mg/L) 

Remedial Action Plan 
Alpha Delta Pier 

Mayport Naval Station 
Mayport, Florida 

Test Condition I t = 24 hours I t = 48 hours I t = 120 hours 

1 (control) 1.3 0.6 1.0 

2 4.4 7.0 10.9 

3 6.8 11.4 19.1 

4 1.7 4.4 4.1 

5 1.7 5.1 4.8 

Values reported are average of Duplicates. 
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Table 8-5 
Peroxide Evaluation - Treatment Simulation for Metal Peroxide Oxygen Release 

Dissolved Oxygen (mg/L) 

Time in Hours 

Remedial Action Plan 
Alpha Delta Pier 

Mayport Naval Station 
Mayport, Florida 

I Groundwater Reservoir I Column Influent 

1.6 7.1 

-- --

1.5 3.6 

-- --

-- 4.9 

1.3 --

-- --

1.2 --

-- --

-- 8.2 

-- --

1.4 --

-- 10.1 

-- --

-- 11.0 

0.8 --

I Column Effluent 

4.3 

4.7 

--

4.6 

--

--

4.8 

--

10.0 

--

9.2 

--

--

8.0 

--

--



SAMPLING 
PORT 

GROUNDWATER 
RESERVOIR 

FIGURE B·2 

PEROXIDE TREATMENT SIMULATION· 
COLUMN SCHEMATIC 

7515-60 931028WEM 

EFFLUENT 
SAMPLING PORT 

GROUNDWATER 

GROUNDWATER 
RESERVOIR 

PEROXIDE 
VESSEL 

PERMEABLE SOCK CONTAINING 
SOLID MAGNESIUM PEROXIDE 

REMEDIAL ACTION PLAN 
NAVY EXCHANGE FILLING STATION 

ALPHA DELTA PIER 
U.S. NAVAL STATION 
MAYPORT, FLORIDA 



Metal Peroxide Oxygen Release Test 
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METAL PEROXIDE OXYGEN RELEASE TEST: 
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SOURCE AREA BIOREMEDIA TION SYSTEM 
NS Mayport, Alpha Delta Piers 

Oxygen and nutrients will be delivered to the source area to promote the 
bioremediation ofthe contaminated groundwater. Hydrogen peroxide will be delivered 
at a concentration of approximately 100 ppm. To achieve this concentration, 
approximately 9.3 gallons per day of 30 % H20 2 will be mixed into the 30,000 gpd 
water flow. For oxygen consumption related calculations, a safety factor of 2 will be 
applied and the design concentration will be 50 ppm. Concentrated mixtures of 
nitrogen and phosphorus will also be delivered to the source area through the water 
flow to supplement the naturally occurring nutrients. The design system flow rate 
was based on estimated groundwater movements which would result from the mound 
formed when the flow was applied. It is estimated that the hydraulic gradient in the 
vicinity of the source area can be increased to about 2.1 feet per 100 feet. Using the 
site hydraulic conductivity of 21.13 ft/day and a porosity of 0.25, the induced 
groundwater pore velocity will be: 

v = I x K 
t') 

0.021 !!. x 21 .13 ~ 
ft day 

0.25 
1.8 ~ 

day 

Assuming the target contaminant concentrations occur in the upper 5 feet of the 
aquifer and that the perimeter of the source area is approximately 420 feet, the daily 
flow through rate would be: 

5 ft x 420 ft x 1.8 ~ = 3780 ~ ::= 28,300 gpd 
day day 

Rounding to 30,000 gpd and delivering 50 mgll, the oxygen delivery rate will be: 

30,000 gpd x 3.785 _I x 50 mg of °2 X 0.001 mg = 5677.5 9 of ~ = 13 Ib of °2 
g81 1 9 day day 

Using areas of concentrations as shown on Figure 3-2 and a thickness of 
contaminated aquifer of 5 feet, the volume between the 100 ppm and 160 ppm 
contours is 29639.5 fe and the volume inside the 160 ppm contour is 25695.5 fe. 
The geometric average TRPH concentration between the 100 ppm and 1 60 ppm 
contours is: 

V100 ppm x 160 ppm = 126 ppm 

The average concentration within the 100 ppm contour, including the 160 ppm 
contour, is: 



· ( 126 ppm x 29639.5 ft3 ) + ( 160 ppm x 25695.5 ft3) = 142 ppm 
( 29639.5 ft3 + 25695.5 ft3 ) 

The O2 required to reduce the TRPH concentrations in groundwater from 142 ppm to 
100 ppm is: 

( 142 ppm - 100 ppm) x ( 29689.5 ft3 + 25695.5 ft3 ) x 0.25 x 28 -' = 16,283 
ft3 

16,283 9 of TRPH x 2.5 9 of~ = 40,708 9 of 02 
9 ofTRPH 

Assuming there is 10 times as much TRPH sorbed to the saturated soil as there is 
dissolved in the groundwater, the total mass of TRPH to be degraded is 179 kg, and 
will require approximately 450 kg of O2 • The proposed delivery system can provide 
5.68 kg of O2 per day. Therefore, the TRPH concentrations can theoretically be 
reduced to the target level in: 

450 kg of 02 
= 80 days 

kgof~ 5.68 ....:....-----=. 
day 

Applying a safety factor of two for planning purposes, remediation to the target levels 
is expected to be complete in approximately 160 days. 



Enhanced Biodegradation 
• Leaking petroleum storage tanks 
• Contaminated soils, sludges, and lagoons 
• Contaminated aquifers 

Degussa. 
Degussa 
Corporation 

In Cooperation With 

Bioremediation Systems 
A Division of Cambridge Analytical Associates 
P.o. Box 7109, Princeton, NJ 08543 

Technology has now been developed which uses naturally occurring bacteria 
to degrade petroleum hydrocarbons. Cambridge Analytical Associates 
Bioremediation Systems Division has refined this technology for the enhanced 
biodegradation of these contaminants. Critical to this process is BIOX~" a 
specially formulated and stabilized solution of hydrogen peroxide. 

HHHHHHHH . 
I H-C-C-C-C-C-C-C-C-H . O 

IIIIIIII 

~ H H H H H H H H + H20 2 + Nutrients --"'""""'i~ CO2 + H20 
Petroleum Hydrocarbon 

Contaminants 
(Dissolved Oxygen) (N,P) (Carbon Dioxide) (Water) 

Bacteria are tiny living organisms which need nutrients to thrive. Oxygen is an 
essential nutrient which until now, was almost always the limiting factor for rapid 
microbial population growth and rapid biodegradation of hydrocarbons. Now however, 
hydrogen peroxide can provide up to 500 ppm of molecular oxygen to these microbes, 
compared to a maximum of only 10 ppm provided by other means of oxygen transfer. 
Hydrogen peroxide is a liquid solution completely miscible in water. 

DO 
'-----I H202~02+ H20 

Peroxygen ChemIcals Department 

65 Challenger Road Ridgefield Park NJ 07660 201-641-6100 Telex 134445 TWX 710-990-6143 



OXYGEN/NUTRIENT DELIVERY SYSTEM 
NS Mayport, Alpha Delta Piers 

The water source for the oxygen/nutrient delivery system will be the NS Mayport potable 
water system. Connection will be made to the existing 6-inch water main. A reduced 
pressure type backflow preventer, suitable for use in high hazard cross-connection situations, 
will be installed prior to any other treatment equipment. The recommended backflow 
preventer is a Watts 009QT Series model 009-S-SS. The backflow preventer should meet all 
requirements of the cross connection control program for the NS Mayport potable water 
distribution system. 

A gate valve and flow meter will be located after the backflow preventer to allow control of 
the overall system discharge rate. These will be followed by a water jet eductor which will 
feed in the hydrogen peroxide solution. A second eductor will feed in the nutrient solution. 
The recommended eductors are Ketema model 264 PVC. Each suction line to the eductors 
will be equipped with a gate valve and flow meter to control and measure the oxygen and 
nutrient solution influents. If insufficient water pressure is available to operate two eductors, 
consideration should be given to combining the influents using a single eductor or an alternate 
feed system. 

The oxygen/nutrient solution will be distributed over the source area using a drip irrigation 
system. The distribution system will begin with a screen filter to remove any particles which 
may be present. This will be followed by a gate valve and pressure gauge which will be used 
to maintain the proper operating pressure within the distribution lines. The solution will flow 
through a schedule 80 PVC header to the drip tubing laterals. The header should be sized to 
minimize head losses and to maintain an even distribution pressure. The header and drip 
tubing will be installed underground, sufficiently deep to protect the system and to allow 
proper repair of the pavement. The tubing will be installed in lateral trenches spaced at 
intervals of approximately 10 feet. A total length of approximately 1125 feet of trenching will 
be required to cover the source area. Assuming an application rate of 30,000 gpd, the 
required flow per 100 feet of tubing is: 

Flow per 100 ft. = 30,000 gpd x 100 It. = 1.85 gpm 

24 hrs X 60 min X 1125 ft. 100 ft. 
day hr 

To accommodate the required flow rate, multiple runs of drip tubing will be installed in each 
trench. The recommended tubing is Ro-Drip 10 mil tubing with 8-inch emitter spacing (part 
number 010-910840), which can discharge 0.67 gpm/1 00 feet. Therefore, three runs of drip 
tubing will be needed in each trench to deliver the required flow. 

The piping, controls, and feed chemicals for the system will be housed in a prefabricated 
storage building equipped with lighting, ventilation, fiber glass grating, and a sump liner. The 
recommended building is the Safety Storage model 15. The building should be set up on 
wooden cross-ties if the soil at the proposed location does not provide a satisfactory 
foundation. 





TYPE & PU RPOSE 

REDUCED PRESSURE 
ZONE BACKFLOW 
PREVENTER 

1 For high hazard cross connec­
tions and continuous pressure 
applications . 

2 

3 

4 

DOUBLE CHECK VALVE 
ASSEMBLY 

For low hazard cross connec­
tions and continuous pressure 
applications . 

DOUBLE DETECTOR 
CHECK VALVE 
BACKFLOW PREVENTERS 

709DCDA low hazard 
909RPDA high hazard 

DUAL CHECK VALVE 
BACKFLOW PRE VENTER 
For low hazard applications. 
Residential system contain­
ment. For continuous pressure. 

SPECIALTY BACKFLOW 
PREVENTERS with IN­
TERMEDIATE AT­
MOSPHERIC VENT 
For low hazard cross connections 
in small pipe sizes. Continuous 
pressure applications. 

LABORATORY FAUCET 
DOUBLE CHECK VALVE 
with INTER MEDIA TE 
V ACUUM BREAKER 
In small pipe sizes for moderate 
to low hazard. 

ATMOSPHERIC VACUUM 
BREAKERS 
For high hazard cross connec­
tions not subject to continuous 
pressure - 6" above flood rim 

PRESSURE TYPE 
VACUUM BREAKERS 
For high hazard cross connec­
tions. Continuous pressure ap­
plications -12" above flood rim. 

HOSE CONNECTION 
VACUUM BREAKERS 
For residential and industrial 
hose supply outlets not subject to 
continuous pressure. 

FOUR BASIC TYPES OF BACKFLOW PREVENTERS 
DESCRIPTION 

Two independent check 
valves with intermediate 
relief valve. Supplied with 
shut-off valves and ball 
type test cocks. 

Two independent check 
valves. Supplied with 
shut-off valves and ball 
type test cocks. 

Double check valve 
backflow preventers 
with a water meter and 
double check or RPZ 
in by-pass line. 

Two independent check 
valves. Checks are re­
movable for testing. 

Two independent check 
valves with intermediate 
vacuum breaker and re­
lief valve. 

Two independent check 
valves with intermediate 
vacuum breaker and re­
lief vent. 

Single float and disc 
with large atmospheric 
port. 

Spring loaded single float 
and disc with independent 
1st check. Supplied with 
shut-off valves and ball 
type test cocks. 

Single check with atmos­
pheric vacuum breaker 
vent. 

INSTALLED AT 

All cross connections su b­
ject to backpressure or 
back-siphonage where 
there is a high potential 
health hazard from con­
tamination. Continuous 
pressure. 

All cross connections 
subject to backpressure 
where there is a low 
potential health hazard 
or nuisance. Continuous 
pressure. 

Fire protection system 
supply main. Detects 
leaKs and unauthorized 
use of water. 

Cross connections where 
there is a low potential 
health hazard and mod­
erate flow requirements. 

Cross connections subject 
to backpressure or back­
siphonage where there is low 
health hazard. Continuous 

EXAMPLES 
of INSTALLATIONS 

Main Supply Lines 
Commercial Boilers 
Cooling Towers 
Hospital Equipment 
Processing Tanks 
Laboratory Equipment 
Waste Digesters 
Car Wash 
Sewerage Treatment 

Main Supply Lines 
Food Cookers 
Tanks & Vats 
Lawn Sprinklers 
Fire Sprinkler Lines 
Commercial Pools 

Fire Sprinkler Lines 

N 
o 
N 
T 
o 
X 
I 

C 

N 

Residential Supply Lines ~ 
(at the meter) 

Boilers (Small) 
Cooling Towers (Small) 
Dairy Equipment 
Residential 

T 
o 
X 
I 

C 

pressure. • 
/---_----+-___ .:;~~c 

Pump outlet to prevent 
backflow of carbon diox-
ide gas and carbonated 
water into the water sup­
ply system to beverage 
machines. 

Cross connections subject 
to backpressure or back­
siphonage where there is a 
low health hazard. 

Cross connections not 
subject to backpressure 
or continuous pressure. 
Install at least 6" above 
fixture rim. Protection 
against back-siphonage 
only. 

This valve is designed 
for installation in a con­
tinuous pressure potable 
water supply system 12" 
above the overflow level 
of the system being sup­
plied. Protection against 
back-siphonage only. 

Install directly on hose 
bibbs, service sinks and 
wall hydrants. Not for 
continuous pressure. 

Post-Mix Carbonated 
Beverage Machine 

Laboratory Faucets and 
Pipe Lines 

Barber Shop and 
Beauty Parlor Sinks 

Process Tanks 
Dishwashers 
Soap Dispensers 
Washing Machines 
Lawn Sprinklers 

Laboratory Equipment 
Cooling Towers 
Comm. Laundry Machines 
Swimming Pools 
Chemical Plating Tanks 
Lg. Toilet & Urinal Facilities 
Degreasers, Photo Tanks 
Live Stock Water Systems 
Lawn Sprinklers 

Hose Bibbs 
Service Sinks 
Hydrants 

-." . 

2 For additional cross connection control information, send for F-50 brochure. 
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For Cross Connection Control in Potable Water Distribution Systems 

APPUCABLE STANDARDS 

A.S.S.E. No. 1013 
A.W.W.A. C506 

FCCCHR of VSC 
V.P.C. and S.B.C.C.I. 

CSA B 64.4 
Sizes 3,4"·10" 

V.L. #EX3185 
Sizes 21;'''. 10" 

5 
A.W.W.A. C506 

FCCCHR of VSC 
CSA B 64.5 

Sizes 3;.,. .. ·10" 
V .L. #EX3185 
Sizes 21/2". 10" 

Series 709DCDA 
A.S.S.E. No. 1015 

A.W.W.A. C506 
FCCCHR of VSC 
V.L. #EX3185 

Sizes 2Y2·10" 

ANSI/A.S.S.E. No. 1024 
CSA 864.6 

A.S.S.E. No. 1012 
CSA 8 64.3 

Special Approvals 

N9-CSA 864.8 
(NLF9) 

A.S.S.E. No. 1035 
Listed by IAPMO 

CSA 864.7 

A.S.S.E. No. 1001 
ANSI. A1l2.1.1 

CSA B 64.1.1 
FCCCHR of VSC 
Listed by IAPMO 

A.S.S.E. No. 1020 
CSA B64.1.2 

FCCCHR of VSC 

A.S.S.E. No. 1011 
CSA B 64.2 

909 Series 
3/4". 10" 
009 Series 
3/4". 2". 
21/2". 3" 

WATTS 
PRODUCT No. AND SIZES 

709 Series 
3/4". 10" 
007 Series :;;~~~: 
3/4". 2" 

7090COA Series 
909RPOA Series 

7 Series 
1/2 ". 1114" 

90 Series 
1/2 ". 3/4" 

9BD Series 

No. NLF9 

800 Series 

8 Series 

No. 8A 
(Non·removable) 

Sizes: 3",4",6", 
8", 10" 

WES2· 7 Water meter easy· seHer 
retrofit adapter with NO.7. WS2· 7 
Water meter seHer with No.7. 

Size: %" F.e.T. 
114", % NPTM 

J I No.N91 

Size: 3/8" " _ Sizes: 1/4",3/8" 

NO.NF·8 .. 
(Non·removable . 
with drain) ;, 

Size 'Yo" HT .. 
< , , 

Page Index 
Series/No. PAGE No. 

909 
009 

Test Kits 

709 
007 

7090COA 
909RPOA 

7 

Test Kit 

90 
911, 911S 
8911, 8911S 

9BD 

NLF9 
N9 

7-%" 

288A 

N3S8 

800 
SOOM 

S,SA,S8 

S8, 8P and N 

4,5,6, 7 
10 

5 

8, 9 
10 

11 

12, 13 
2, 13 

5 

14, 15 

15 

17 

16 
16 

16 

20,21 

20 

18, 19 

22,23 

"The answer to THERMAL EXPANSION problems", see page 13. 3 
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009QT Series Standard Reduced 
Pressure Zone Backflow Preventer 
Sizes: 3/.\"_ 3" 
Watts 0090T Series Backflow Preventers are designed to provide 
protection of the safe drinking water supply in accordance with na­
tional plumbing codes and water utility authority requirements. They 
can be utilized in backflow prevention programs, including high 
hazard cross-connections in plumbing systems, or for containment 
at the service line entrance. 
This series features two in-line, independent check valves with an 
intermediate relief valve. All sizes are constructed with NPT body 
connections. Standardly furnished with ball type test cocks and 
quarter-turn, full port, resilient seated bronze ball valve shut-otis (3A"-
2") No. 009-0T. For NRS gate valve shut-ofts, order No. 009. Sizes 
2'12" and 3" have resilient wedge NRS flanged gate valve shut-otis 
No. 009-NRS-RW. 

• Modular construction • Renewable seats 
• No special tools required for servicing 

STANDARDS: Tested and certified under the following stan­
dards for reduced pressure zone backflow preventers; A.S.S.E. Std. 
No. 1013, AWWA Std. No. C506, FCCCHR of USC manual, Sec­
tion 10, IAPMO listed. 

PRESSURE-TEMPERATURE 
Supply pressure up to 175 PSI. Water temp. up to 180°F. 

" 
11 

1/" 
" in 
0.. 

11 

0.. 
0 
a: c " "' a: 

}) //' 
1V~ ~ 

V ,/ 
/ ~ I / / 

l'h~ 

/' 
jV V '- ;- --v 

~ 
I/) 

" I/) 

"' a: / 
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11 
I ,. 21 • II 51 • 71 • .. 1. 111 12'1 13C1 161 150 ,. 171 110 1. 1II 

FLOW· GPM 

For additional information, send for ES-009 and ES-009L. 

007QT Series 
Double Check Valve Assembly 

Sizes: 3,4", 1" , 1 V2" and 2" 
Watts 0070T Series Double Check Valve Assembly is designed to 
provide protection of the safe drinking water supply in accordance 
with national plumbing codes and water utility authority requirements 
for containment at the service line entrance. They can be applied 
to a variety of installations where the degree of hazard is considered 
to be low. 
All sizes can be installed horizontally or vertically and are standardly 
equipped with ball type test cocks. Series 0070T has quarter-turn, 
full port, resilient seated, bronze ball valve shut-ofts. For NRS gate 
valve shut-otis, order No. 007. 

• Modular construction • Renewable seals 
• No special tools required for servicing 

STANDARDS: Tested and certified under the following stan­
dards for double check valve assemblies: A.S.S.E. Std. No. 1015, 
AWWA Std. No. C506, FCCCHR of USC manual, Section 10, 
IAPMO listed. 

PRESSURE-TEMPERATURE 
Supply pressure up to 175 PSI. Water temp. up to 180°F. 
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C I 

"' a: 
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CAPACITY 
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/ 2' 
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• " 2'1 31 &I !II .. 7'1 • • 1. I" 12'1 ,.'. 1:.c1 llG 171 ,. Ita 2'DO 

FLOW - GPM 

For additional information, send for £S·007. 

A 
A 

·55 models ha .... e same dimensions and weight. 

Dimensions in inches, Weights in Ibs . 
SIZE TYPE A 

:I;.. .. 009' " 3s,. 

009-5' 1811 3sl, 

" 
009' 14'1. 4'h 
009-S· 2111 4" 

009 
1V." 009-55 19';' 

009-5 
009-55 2·PI 

009 
1V2" 009-55 ,,'" 5'1 

009-5 
009-55-5 263/. 5l /. 

009 
2' 009-55 " 6'1'2 

009-5 
009-55-5 2834 6'h 

OPTIONS (can be combined): 
Sizes: 3/4"- 2" 

,.. 5 l /. 

6'1 
6'1 "1 7'1 

.'h 

• 'h 3'1 • BV. 

8'/. 

87/, "n 8", 

'0 

'0 10'1i 

Sizes: 2V2" and 3" 
Suffix 

WGT. 
8'1. 
sv. 13V. 

8'1. ,2 

8V. 15 

'Zls'. 
12'12 28'1. 

30'" 
12'1:1 313'. 

28'1. 
12'h 29 

327/. 

12'/;z 33'12 

'0 
12'12 JOsll 

3B 
12'1: 385/. 

Prefix U . union connections 
Suffix 
S . with bronze strainer 
SS . with stainless steel replaceable 

check valve seats for aggressive 
water conditions 

OT·T· for ''1'' handle ball valve 
shut·otls (3~", 1 ") 

S . with epoxy coated strainer 
NRS·RW . with resilient wedge 

non-rising stem shut-otis 
aT • with Quarter turn, full port, 

resilient seated ball valve shut·offs 
OSY . with outside stem and yoke 

gate valves 
LF • without shut·oft valves 

LF • without shut-off valves 

A 
A 

• SS models have same dimensions and weight. 

Dimensions In Inches, Weights in Ibs. 
SIZE TYPE A 0 

~' 
007' 14 4'1. 5', 
007-5· '8'1 4'1 5'h '" 6 J I. 

" 
007' "Yo < .. 5'1 
007-S· 2", 4" 5'1 "1 7'1 
007 

'1'2' 007-55 '.101 "1 7'1 

007·5 
007-55 WI 5'1 7'1 "h e7f, 

007 
2' 007·55 2' 6" ." 

007·5 
OCI7·SS-S 2." .'. ." 10'h 

OPTIONS (can be combined): 
Prefix U . Union connections 
Suffix 
S - with bronze strainer 

BV. .v. .v. 
811, 

1211; 

12V2 

12'h 

12'''; 

SS • with stainless steel replaceable check valve seats 
for aggressive water conditions 

aT • with Quarter turn, full port, resilient seated 
bronze ball valve shut·offs 

QT·T . for ''1'' handle ball valve shut-offs (3/4", 1 ") 
LF • without shut·off valves 

WGr. 
.Yo 
l1Y. 

'0 
13 

24'f.z 
25'1, 
29 

29" 

26". 
28" 
34'1. 
3'" 



For technical assistance, call your authorized Watts agent. 
Telephone # Fax # 

T rayco Sales, Inc. P.O. Box 653, Lynnfield, MA 01940 617 334-6078 617 334-2859 
W.Y;-Haney Co., Inc. 51 Norfolk Ave., South Easton, MA 02375 508 238-2030 508 238-8353 
E. W. Leonard, Inc. Ray Palmer Rd., P.O. Box 371, Moodus, CT 06469-0371 203 873-8691 203 873-8693 
WMS Sales, Inc. 9580 County Rd., Clarence Center, NY 14032 716 741-9575 716 632-0633 

(\ WMS Sales, Inc. 7437 Meadowbrook Dr., Baldwinsville, NY 13027 315 622-0763 315622-0764 
WMS Sales, Inc. 4 McMillen Place, Delmar, NY 12054 518 475-1017 
Edwards, Platt & Deely, Inc. 1 Stone Place, Bronxville, NY 10708 Office: 212 671-6400 914337-5069 

(Warehouse: 263 Royal Ave., Hawthorne, NJ) 800 433-3158 
Warehouse: N.Y. 914 337-5511 

Vernon Bitzer Associates, Inc. 138 Railroad Dr., Northhampton Ind. Pk., Ivyland, PA 18974 215 953-1400 215 953-1250 
J. B. O'Connor Company, Inc. 120 Union St., Bridgeville, PA 15017 412 221-5300 412221-4510 
Bruce Parrott, N.E. Reg. Mgr. 815 Chestnut St., North Andover, MA 01845 508688-1811 508 794-1848 

RMI Glenfield Bus. Ctr., 2535 Mechanicsville Tpk., Richmond, VA 23223 804 643-7355 804 359-8490 
Smith & Stevenson 4935 Chastain Ave., Charlotte, NC 28210 704 525-3388 704 525-6749 
Central Sales Company 2700 Murfreesboro Rd., Antioch, TN 37013 615 361-4244 615366-1175 
Central Sales Company 2170 York Ave., Memphis, TN 38104 901 278-2251 901 272-1614 
Spotswood Associates 6700 Best Friend Rd., Norcross, (Atlanta) GA 30071-2919 404447-1227 404 263-6899 
Distributor Sales of Florida 6520 35th St. North, Pinellas Park, FL 33565 813 527-6651 813 528-0602 
Earl L. Griffin Co. 2776 B.M. Montgomery St., Birmingham, AL 35209 205 879-3469 205 870-5027 
Billingsley & Associates, Inc. 2000 Clearview Pkwy. Suite 201, Metairie, LA 70001 504 885-6771 504 885-7516 
Billingsley & Associates, Inc. 478 Cheyenne Lane, Madison, MS 39110 601 856-7565 
JLM & Assoc., Inc. P.O. Box 10301, Caparra Heights Station, Rio Piedras, PR 09922-0301 809 782-4244 809 782-6576 
The Joyce Agency, Inc. 10520 Warwick Ave., Fairfax, VA 22030 703 591-2808 703 591-0826 

(Warehouse: 7313 Boudinot Dr., Springfield, VA) 
Bill Johnson, S.E. Reg. Director P.O. Box 140153, Orlando, FL 32814-0153 407 898-6873 

Mid-Continent Marketing Services Ltd. 1724 Armitage Ct., Addison, IL 60101 708 953-1211 708 953-1067 
Mid-Continent Marketing Services Ltd. 11424 Whistler Dr., Indianapolis, IN 46229 317 894-3618 317 894-3974 
Advance Industrial Marketing Ltd. 923 South Bird St., Sun Prairie, WI 53590 608 837-5005 608837-2368 
Dave Watson Associates 1325 West Beecher, Adrian, MI 49221 517 263-8988 517 263-2328 
The Harris-Billings Co. P.O. Box 41304, 1920 Annapolis Lane North, Plymouth, MN 55441 612 559-9400 612 559-8239 
Mack McClain & Associates, Inc. 1537 Ohio St., Des Moines, IA 50314 515 288-0184 515 288-5049 
Mack McClain & Associates, Inc. 15090 West 116th St., Olathe, KS 66062 913 339-6677 913339-9518 
Mack McClain & Associates, Inc. 16037 "N" Circle, Omaha, NE 68135 402 896-8804 402 896-8807 

0 R. R. Iverson & Associates 4141-A South 68th East Ave., Tulsa, OK 74145 918 664-0423 918 664-0425 
J. W. Sullivan Company 7901 Manchester Ave., St. Louis, MO 63143 314644-5454 314644-5527 
Disney-McLane, Inc. 2704 Colerain Ave., Cincinnati, OH 45225 513541-1682 513541-0073 
Madsen-Bayer & Associates, Inc. 2510 Englewood Dr., Columbus, OH 43219 614476-1833 614 476-1846 
Madsen-Bayer & Associates, Inc. 4640 Warner Rd., Garfield Heights, OH 44125 216641-5808 216641-5546 
Gary S. Gilpin Sales Co. 4468 Emberson Ave., Louisville, KY 40209 502 367-2178 502 367-9080 
Don Sinsabaugh, MidWest Reg. Sales Mgr. 42 W. 597 Steeple Chase, St. Charles, IL 60175 708 377-3671 708 513-5063 

R. C. Hartnett & Associates 30852 Huntwood Ave., Hayward, CA 94544 415471-7200 415471-4441 
Hollabaugh Brothers & Associates 1260 6th Ave. South, Seattle, WA 98134-1308 206467-0346 206 467-8368 
Hollabaugh Brothers & Associates 3028 S.E. 17th Ave., Portland, OR 97202 503 238-0313 503 235-2824 
R. E. Fitzpatrick Sales, Inc. 16 East 8th Ave., Midvale, UT 84047 801 566-7156 801 556-4979 
Hudson and Lening Sales Co. 2596 W. Barberry Place, Denver, CO 80204 303 623-1186 303 623-8676 
Benisek Associates 2267 Yates Ave., Los Angeles, CA 90040 213 685-9900 213685-3164 
R. D. Wager Company. 2012 West 4th St., Tempe, AZ 85281 602 968-8586 602 829-7682 
Rocky Mountain Marketing 3300 Princeton N.E., N-27, Albuquerque, NM 87107 505 883-4405 505 881-3767 
Hugh M. Cunningham, Inc. 4309 N. Beltwood Pkwy. Dallas, TX 75244-3294 214661-0222 214490-6678 
Hugh M. Cunningham, Inc. 1999 Kolfahl, Houston, TX 77023 713 923-2371 713 923-8357 
Hugh M. Cunningham, Inc. 5130 Service Center, San Antonio, TX 78218 512661-4161 512661-0954 
Crown Sales 360 Mokauea St., Honolulu, HI 96819 808 845-7881 808 841-4504 
Jim Engard, West Reg. Sales Mgr. 749 Renate Way, Paso Robles, CA 93446 805 239-8852 805 239-8859 

HOQTRS: Watts Regulator Co.lEXPORT 815 Chestnut St., No Andover, MA 01845 Telex: 94-7460 508 688-1811 508 794-1848 
508 794-1674 

Watts Regulator of Canada Ltd. 441 Hanlan Rd., Woodbridge, Ontario L4L3Tl, Canada 416851-8591 416 851-8788 
Walmar 24 Gurdwara Rd., Nepean Ontario K2E 8A2 613 225-9774 613 225-2972 
Currie Agencies Ltd. 8117 Underhill Ave., Burnaby, B.C. V5A 3C8 604 420-6070 604 420-9022 
Polymex Controles Inc. 1375 Boul Charest Ouest, Suite 6, Quebec City, Quebec G1N 2E7 418682-1690 418682-8743 
Watts Regulator of Canada Ltd. 2690 Sabourin, Ville St. Laurent, Quebec H4S 1M2 514337-9010 514337-8843 
Murray Krovats Sales Agency 941 Cerin St., Winnipeg, Manitoba R36 2W6 709 786-2747 709 775-3186 
Bayers-Conte Sales Ltd. 1801-10th Ave. Southwest, Calgary, Alberta T3C OK2 403 244-1818 403 245-9297 
W.B. Gingerich Sales Ltd. 107 Hamilton Rd., New Hamburg. Ontario NOB 2GO 519 662-2460 519 662-2491 

0 S.T.E. Fetterly & Son Ltd. 6080 Young St., Ste. 911, Halifax, NS B3K 5L8 902 454-9377 902 454-6085 
Watts Regulator of Nederland b.v. P.O. Box 98, 6960 AB Eerbeek, Holland Telex 844-35365 (011) 31-8-338-59028 8-338-52073 

WAilS· 
REGULATOR Printed in U_S.A_ 

WATTS REGULATOR COMPANY 
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WATER JET EDUCTORS 
INTRODUCTION 

The Water Jet Eductor is a type of ejector which utilizes 
the kinetic energy of a pressurized liquid to entrain 
another liquid, mix the two, and discharge the mixture 
against a counter pressure. Ejectors of this type are used 
throughout industry for pumping and mixing opera­
tions. 

APPLICATIONS 

Water jet eductors have numerous uses in the plant such 
as lifting, pumping, mixing and agitation of liquids, 
granular solids and slurries. Some specific applications 
are: draining flooded areas, emptying tanks and sumps, 
pumping and mixing operations in oil treating systems, 
dewatering sand and coal barges, introducing anti­
knock agents and coloring additives into gasoline, con­
tinuous blending, acidifying, causticizing of oils, pro­
ducing emulsions, pumping food products, pumping 
sand and filter clay, tank mixing, and various propor­
tioning operations. As an example of eductor perfor­
mance in a typical use, a jet eductor measuring 8~ /I in 
length will empty a 500 gal. water tank in less than half 
an hour, using water at 60 psig, as the sole source of 
motive power. 

FEATURES 

• SELF-PRIMING Eductors require no pnmmg and 
can be used for either continuous or intermittent 
operation. 

• SIMPLE AND RELIABLE Since the basic eductor 
has no moving parts to wear or break, only periodic 
inspection is required. 

• CORROSION AND EROSION RESISTANT Because 
they can be made from most materials, or coated 
with corrosion resistant materials, eductors can be 
made resistant to the corrosive effects of the liquids 
handled and the environment. 

CONTENTS 
DESIGN, CONSTRUCTION, AND OPERATION 

Type 264 and 266 Eductors ............................. 3 & 4 

Type 2645 Automatic Educators .............................. 5 

Type 242 Condensate and Liquid 
Mixing Eductor ................................................ 6 

Type 258 and 268 Tank Mixing Eductors ................... 7 

Type 254 and 267 Hopper-Equipped Eductors ............. 8 

2TM Fl. DuPont de Nemours 3TM Stelfite Div., Cabot Corp. 

• AUTOMATIC CONTROL Units can be adapted for 
automatic operation by means of a regulating spin­
dle or a snap valve and float arrangement. 

• NON-ELECTRICAL Eductors can be used in ha­
zardous locations where electrically operated alterna­
tives would require expensive explosion-proofing. 

• EASY TO INSTALL Either threaded or flanged con­
nections are available. Units are compact, relatively 
light and can be adapted to a variety of piping con­
figurations. 

• LOW COST Water Eductors are inexpensive in rela­
tion to the work they do. 

CONSTRUCTION 

Water Jet Eductors consist of only three basic compo­
nents: a converging nozzle, a diffuser (or venturi) and a 
body to hold these parts in their proper relative posi­
tions and provide a suction chamber. 

Jet ejectors can be made from most workable materials, 
such as: cast iron, bronze, stainless steel, aluminum, 
polyvinyl chloride, polyester fiberglass, Haveg , Teflon2 

and Hastelloy3. 
A variety of types and sizes are available as noted on 

the following pages. Certain variables such as pressure, 
temperature, viscosity, density, operating conditions of 
suction and discharge fluids, and desired results must be 
considered in determining the type of eductor best 
suited to your needs. S&K engineers will work with you 
to select the proper eductor for your application. 

Request Performance Data Supplement 2M for op­
erating characteristics of water jet eductors. 

Type 224 Sand and Mud Eductor. ........................... 9 

Type 235 Annular Multi-Nozzle Eductor. .................. 9 

SPECIAL PURPOSE EDUCTORS 

Type 222 Portable Eductor ................................... 10 

Type 212 Corrosion-Resistant Eductor ...................... 10 

TYPICAL APPLICATIONS ................................ . 10 



TYPE 264 and 266 WATER JET EDUCTORS 
-'" .. 

;-,~ SK Type 264 and Type 266 Water Jet Eductors 
are designed for liquid pumping and mixing opera­
tions and for the handling of some solids where re­
quirements do not necessitate capacities greater 
than those obtained with sizes up to and including 
6". They are considered the standard eductors 
within this size range. Typical applications begin 
on Page 10. 

In operation, pressure liquid enters the eductor 
through the pressure nozzle and produces a high 
velocity jet. This jet action creates a vacuum in 
the line which causes the suction liquid to flow up 

PRESSURE CONNECTION 

I' 
SUCTION --+rI+!4i+H++­
CONNECTION , 

11'1, 

DISCHARGE 
CONNECTION 

REMOVABLE 
NOZZLE 

into the body of the eductor where it is entrained 
by the pressure liquid. Both liquids are thoroughly 
mixed in the throat of the eductor and are dis­
charged against back pressure. The streamlined 
body with no pockets permits the pressure liquid 
to move straight through the eductor and reduces 
the possibility of solids in the suction material col­
lecting and clogging. In addition, pressure drop in 
the suction chamber is held to a minimum. 

Accompanying Performance Data provides per­
formance information. 

SUCTION 
CONNECTION 

PRESSURE CONNECTION 

DISCHARGE 
CONNECTION 

Fig. 1. TYPE 264 EDUCTOR. Eductors of 
this type have streamlined bodies with 
threaded pipe connections. They are 
made in sizes ranging from V2" to 3" and 
are stocked in these sizes in ductile iron 
and bronze and Type 316 stainless steel. 
They are stocked in sizes from V2" 
through 1" in Kynar', and in 1'/2 ",2", and 
3" in PVC. Other materials are available 
on order. 

Fig. 2. TYPE 264 EDUCTOR Fig. 3. TYPE 266 EDUCTOR. These educ­
tors are similar to Type 264 Eductors ex­
cept that they have flanged connections 
and removable throat bushings along 
with removable nozzles. They are sup· 
plied in cast iron, bronze·mounted in 4" 
and 6" sizes. Other materials can be sup­
plied on special order. 

TABLE 1. SIZES and DIMENSIONS, SK WATER JET EDUCTORS, TYPES 264 and 266 

Size 
Connections 

Wgt. 
Working Pressures I Dimensions in Inches' 

in Inches Cast I ron Bronze IStainless Steel 

I I 
Max. Round 

in in Particle Size 
Inches Suction I Lbs. Moti.veTBO~Y Moti.ve I BO~Yi Moti.ve I Bo~y A B C 

in Inches 
Disch. Pressure, pSI pSI pSI pSI PSI pSI 

SK Type 264 Eductor 

'll 'll % I % I 150 125 125 100 I 600 500 IV16 I 291i6 I 1 Ya I 1/16 

% 'l4 'll I IY4 I 125 125 100 100 I 500 I 500 1% 3% I 1 Y4 I Va 
I I I % I 2 I 150 ISO ISO 125 I 600 I 600 I'll 43/16 IIYs I 5/32 

I'll I'll I I 4 150 100 125 90 I 600 400 2 6Yl I 2 I 5/16 

2 2 lY4 I 6 150 100 125 85 600 400 2Y4 7Ys I 2Y4 I % B 

2Yl 2Yl lYl III 200 ISO 200 125 600 300 2111i6 9Y4 I 3Va I Va I 
3 3 2 I 20 250 ISO 225 1125 600 1400 I 3Va llY4 13YI I" 13/16 L 

100 125 Type 264 
180 125 IVa 

·TM Penn walt Corp. 

Type 266 

3 
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TYPE 264 PVC) and KYNAR WATER JET EDUCTORS 

SUCTION 
CONNECTION 

Fig. 4. TYPE 264 PVC 

EDUCTOR. Sizes from 

1'12" up are designed as 
shown here and in fig. 5. 
On these sizes, the pres­
sure and suction connec­

tions ore female cnd the 

discharge connection is 

mole. All connections are 

Ihreaded. 

Fig. 5. TYPE 264 

PVC EDUCTOR 

PRESSURE CONNECTION 

DISCHARGE 
CONNECTION 

Type 264 PVC and Kynar Educ­
tors offer resistance to many cor­
rosive media. PVC Eductors are 
not recommended, however, for 
acetone, ketones, ether, esters, 
aromatic hydrocarbons or chlori­
nated hydrocarbons. A table of 
recommended uses is available on 
request. Maximum temperature 
rating is 150°F. Kynar Eductors 
will handle PVC applications in­
cluding those mentioned above. 
Kynar's temperature limitation 
is 250°F. Pressure ratings are 
given in Table 2. 

Type 264 PVC and Kynar 
Eductors operate on the same 
principle as do all other SK Educ­
tors. Performance characteristics 
with water are shown in accom­
panying Technical Data. For per­
formance with other liquids, 
contact SK. 

Nozzles and diffusers are not 
removable on these eductors. 
Sizes 1" and smaller are of molded 
construction. 

fig. 6. TYPE 264 
KYNAR EDUCTOR, 

'h" to 1" Design. 

Sizes Y2", 3k ll
, 

and 1" look like 
this. All connec­

tions are female 
and are threaded. 

TABLE 2. SIZES, DIMENSIONS, and PARTICLE SIZE DATA, TYPE 264 WATER JET EDUCTORS 

Connections 

I 
Working Maximum Round 

Dimensions in Inches Particle Sizes Size in Inches Pressure in Weight (in Inches) 
Inches Suc.- in Lbs. 

I 
C 

(psig) Eductor5 Will 
Disch. Press. A B at 75 c F Handle 

1/25 1/25 %5 1/2 
I 11'16 3% 1'l'i6 325 \116 

% % % 1/2 I 1'l'i6 3% 1'l'i6 325 V!6 

% % % 1/2 11\116 3 1/2 11\116 275 I/S 

1 1 % 1/2 17's 31V!6 17's 250 %2 

1% 1% 1 1'/2 20/16 51%2 2V!6 200 116 
2 2 1% 21/2 3\132 6 2%2 2%2 185 % 
3 3 2 6% 41/s 9 1/2 31's 165 10/16 

,~ , . ~ 

'_,_ J 

B 

J 



Typical Type 264 
Eductor 
Threaded 
Connections 
(112" thru 3" sizes) 

Typical Type 266 
Eductor 
Flanged 
Connections 
(4" or 6" size) 

Typical Type 264 
Eductor 
Made of PVC 

Typical Type 264 
Eductor 
(Molded KYNAR 
or Polypropylene) 

Typical Type 212 
Eductor 
(Haveg) 

TABLE 2. Relative Capacities of Water ~ 
Jet Eductors, Types 264, 266, and 212. 

TABLE 3. Relative Capacities of Water ~ 
Jet Eductors Made from KYNAR, 
Polypropylene or PVC, Type 264. 

TABLE 1. Suction Capacities of Water Jet Eductors, Types 264, 266, and 
212-1 Inch Size Only. To determine capacities for sizes other than 1 
inch, multiply these capacities by the proper capacity ratio factor noted 
in Tables 2 or 3 (for PVC, KYNAR or Polypropylene Eductors). 

Suction Disch. 
Water 

Suction Cap. of Standard 1" Water Jet Educfor-gpm-
Lift in Press Wate, Temp. 80· F. 

Ft. of psi Con sump .. Operating Water Pressure psi Gauge 
Water Gauge tion gpm 

10 20 30 40 SO 60 80 

0 
Suction 5.85 8.1 9.5 10.0 12.0 12.0 12.0 
Operating 3.55 5.0 6.1 7.1 7.9 8.7 10.0 

5 
Suction 1.4 4.1 6.0 8.0 10.0 11.0 
Operating 4.9 6.1 7.0 7.9 8.6 10.0 

10 
Suction 0.28 2.3 4.8 6.4 8.8 
Operating 5.9 6.8 7.8 8.5 9.8 

0 15 
Suction 1.2 3.4 5.9 
Operating 7.7 8.4 9.8 

20 
Suction 0.3 3.5 
Operating 8.2 9.7 

25 
Suction 0.83 
Operating 9.6 

30 
Suction 
Operating 

0 
Suction 4.4 6.8 8.6 9.6 11.0 11.0 12.0 
Operating 3.9 5.3 6.4 7.3 8.1 8.8 10.0 

5 
Suction 1.5 3.2 5.0 7.0 9.0 11.0 
Operating 5.2 6.3 7.2 8.0 8.7 10.0 

10 
Suction 1.9 3.6 5.6 8.6 
Operating 7.1 7.9 8.6 10.0 

5 15 
Suction 1.1 2.6 5.8 
Operating 7.8 8.6 9.9 

20 
Suction 3.3 
Operating 9.8 

25 
Suction 0.47 
Operating 9.8 

30 
Suction 
Operating 

0 
Suction 2.0 4.6 6.7 8.3 9.0 10.0 10.0 
Operating 4.2 5.5 6.6 7.4 8.2 9.0 10.0 

5 
Suction 2.0 4.3 5.9 7.7 9.9 
Operating 6.5 7.4 8.2 8.9 10.0 

10 
Suction 1.1 3.0 4.5 8.1 
Operating 7.3 8.1 8.8 10.0 

15 
Suction 1.1 2.1 5.6 

10 Operating 8.0 8.7 10.0 

20 
Suction 2.8 
Operating 9.9 

25 
Suction 
Operating 

30 
Suction 
Operating 

0 
Suction 3.3 5.3 7.9 8.4 8.9 8.9 
Operating 5.7 6.8 7.6 8.4 9.1 10.0 

5 
Suction 4.0 4.9 7.3 8.6 
Operating 7.6 8.3 9.0 10.0 

10 Suction 2.4 4.0 6.4 

15 
Operating 8.2 9.0 10.0 

15 Suction 4.2 
Operating 10.0 

20 
Suction 2.1 
Operating 10.0 

25 
Suction 
Operating 

0 
Suction 2.0 4.0 6.4 7.8 7.8 7.8 
Operating 6.0 7.0 7.8 8.6 9.3 11.0 

5 
Suction 2.8 3.9 6.3 7.8 
Operating 7.7 8.5 9.2 10.0 

10 Suction 1.2 3.1 5.7 
Operating 8.3 9.1 10.0 

20 
Suction 3.6 

15 Operating 10.0 

20 
Suction 1.4 
Operating 10.0 

25 
Suction 
Operating 

Performance is for standard stock units. If not satisfactory for your condi· 
tions, refer to Nomograph on page 8 for units to meet conditions. 

Size Eductor in 
Inches '12 34 1 1'12 2 2'12 3 4 

Capacity Ratio 0.36 0.64 1.00 2.89 4.00 6.25 9.00 16.00 

Size Eductor in Inches '!4 '12 3/. 1 Jl12 2 

Capacity Ratio 0.15 0.36 0.64 1.00 2.89 4.00 

4 

100 

12.0 
11.0 

12.0 
11.0 

11.0 
11.0 

8.6 
11.0 

5.9 
11.0 

3.9 
11.0 

1.7 
11.0 
12.0 
11.0 

11.0 
11.0 

10.0 
11.0 

8.3 
11.0 

5.6 
11.0 

3.6 
11.0 

1.5 
11.0 
10.0 
11.0 

10.0 
11.0 
9.6 

11.0 

7.3 
11.0 

5.3 
11.0 

2.8 
11.0 

1.1 
11.0 

9.1 
12.0 

9.1 
11.0 

8.6 
11.0 

6.8 
11.0 

4.5 
11.0 

1.9 
11.0 

7.8 
12.0 

7.8 
12.0 

7.1 
12.0 

5.4 
11.0 

3.8 
11.0 

1.5 
11.0 

6 

36.00 

3 -
~. 

9.00 
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Clo6e-up of Turbulent Vortex & Outlet 

Expanding Flow Channel 

Dual Water Inlet6 Top Outlet 

Flow Channel i6 Molded into RO-DRIP@ 

RO-DRIP® Features/Advantages 

0 

0 

0 

0 

0 

0 

0 

RO-DRIP® is a patented product with features 
unmatched by the competition. 

Feature: 
Advantage: 

Feature: 
Advantage: 

Feature: 
Advantage: 

Feature: 
Advantage: 

Feature: 
Advantage: 

Feature: 
Advantage: 

Feature: 
Advantage: 

Fully turbulent with vortex flow action I 
Allows longer uniform runs; increased turbulence of RO-DRlp® keeps particles in 
suspension, resists plugging. 
Expanding flow channel 
Flow channel automatically expands to allow purging of many contaminants 
when blockage occurs in the turbulent channel. 
Raised root deflector around the top outlet (orifice) 
Deflects root and resists root intrusion. 

Dual water inlets 
Two water inlets are same size as turbulent channel to reduce potential inlet 
plugging. 
Flow channel is molded into the RO-DRIP® strip tubing 
The accurately formed flow channel produces a consistently reliable and 
uniform product. 
Heat sealed construction of RO-DRIP® 
Gives more reliable and uniform product. 

Tough top quality plastic 
Resists tearing and is less susceptible to damage. Ensures a strong product! 

COMPARE THE FEATURES OF SIMILAR DRIP IRRIGATION PRODUCTS AND YOU WILL 

DETERMINE THE RIGHT CHOICE IS RO-DRIP®. 

page 2 ROBERTS IRRIGATION PRODUCTS, INC. 



United States Units of Measurement 

.. 
Mil Flow Rate per 1 00 ft Roll PaUet 

Part Number Thickness Spacing @8PSI. 

GPH GPM Length Weight Length Weight 

005-910820 5 mil 8" 20 GPH .33 GPM 12,500' 751bs 200,000' 1,2001bs 

005-910840 5 mil 8" 40 GPH .67 GPM 12,500' 751bs 200,000' 1,2001bs 

005-911215 5mil 12" 15 GPH .25 GPM 12,500' 751bs 200,000' 1,2001bs 

005-911224 5 mil 12" 24 GPH .40 GPM 12,500' 751bs 200,000' 1,2001bs 

008-910820 8 mil 8" 20 GPH .33 GPM 7,500' 70lbs 120,000' 1,120 Ibs 

008-910840 8 mil 8" 40 GPH .67 GPM 7,500' 70lbs 120,000' 1,120 Ibs 

008-911215 8 mil 12" 15 GPH .25 GPM 7,500' 70lbs 120,000' 1,1201bs 

008-911224 8 mil 12" 24 GPH .40 GPM 7,500' 70lbs 120,000' 1,1201bs 

008-911620 8 mil 16" 20 GPH .33 GPM 7,500' 70lbs 120,000' 1,120 Ibs 

010-910840 10 mil 8" 40 GPH .67 GPM 6,000' 70lbs 96,000' 1,1201bs 

010-911224 10 mil 12" 24 GPH .40 GPM 6,000' 70lbs 96,000' 1,1201bs 

010-911620 10 mil 16" 20 GPH .33 GPM 6,000' 70lbs 96,000' 1,1201bs 

015-911224 15 mil 12" 24 GPH .40 GPM 4,000' 70lbs 64,000' 1,120 Ibs 

015-911620 15 mil 16" 20 GPH .33 GPM 4,000' 70lbs 64,000' 1,120 Ibs 

015-912417 15 mil 24" 17 GPH .28 GPM 4,000' 70lbs 64,000' 1,120 Ibs 

Metric Units of Measurement 

Part Number .. 

005-910820 .127 mm 20 cm 248 LPH 4.13LPM 3,810 m 34 kg 60,960 m 544 kg 

005-910840 .127 mm 20 cm 497 LPH 8.28 LPM 3,810 m 34 kg 60,960 m 544 kg 

005-911215 .127 mm 30 cm 186 LPH 3.10 LPM 3,810 m 34 kg 60,960 m 544 kg 

005-911224 .127 mm 30 cm 298 LPH 4.97 LPM 3,810 m 34 kg 60,960 m 544 kg 

008-910820 .200 mm 20 cm 248 LPH 4.13 LPM 2,286 m 32 kg 36,576 m 508 kg 

008-910840 .200 mm 20 cm 497 LPH 8.28 LPM 2,286 m 32 kg 36,576 m 508 kg 

008-911215 .200 mm 30 cm 186 LPH 3.10 LPM 2,286 m 32 kg 36,576 m 508 kg 

008-911224 .200 mm 30 cm 298 LPH 4.97 LPM 2,286 m 32 kg 36,576 m 508 kg 

008-911620 .200 mm 41 cm 248 LPH 4.13 LPM 2,286 m 32 kg 36,576 m 508 kg 

010-910840 .254 mm 20 cm 497 LPH 8.28 LPM 1,829 m 32 kg 29,261 m 508 kg 

010-911224 .254 mm 30 cm 298 LPH 4.97 LPM 1,829 m 32 kg 29,261 m 508 kg 

010-911620 .254 mm 41 cm 248 LPH 4.13 LPM 1,829 m 32 kg 29,261 m 508 kg 

015-911224 1.127 mm 30 cm 298 LPH 4.97 LPM 1,219 m 32 kg 19,507 m 508 kg 

015-911620 1.127 mm 41 cm 248 LPH 4.13 LPM 1,219 m 32 kg 19,507 m 508 kg 

015-912417 1.127 mm 61 cm 211 LPH 3.51 LPM 1,219 m 32 kg 19,507 m 508 kg 

RO-ORIF>® products may be available as standard inventory or may require advance order and a minimum quantity. Configurations not 
listed may be available on inquiry and/or special order. All orders are subject to availability of product at time of shipment. 
Manufacturer reserves the right to change specifications without notice. 

~, 

RO-DRIP® User's Guide page 5 



ROBERTS 
IRRIGATION PRODUCTS. INC. 
700 RANCHEROS DRIVE 
SAN MARCOS. CA 92069-3007 
USA 

RO-DRIP® Fittings 

ROBERTS 
IRRIGATIO~ M\OOUCTS. IIC. 

<c, 

(619) 744-4511 
FAX:(619) 744-0914 

--

PART# t I- PRODUCT DESCRIPTION 

060-009000 LOC SLEEVE COUPLING 

Used to connect two pieces of RO-DRIP® 
end/or repair/splice a cut line. 

060-009001 LOC SLEEVE x Yo" SLIP 

Used to connect P. V .C. pipe manifolds with 
Yo" slip connections to RO-DRIP® laterals. 

060-009002 LOC SLEEVE x Yo" MALE ADAPTER 

Used to connect P.V.C. pipe manifolds with 
Yo" pipe thread connections to RO-DRIP® 
laterals. 

060-009003 LOC SLEEVE x 250 BARB 

Used to connect RO-DRIP® to .250" J.D. 
supply tubing. 

060-009004 LOC SLEEVE x 400 BARB 

Used to connect RO-DRlp® to .375" J.D. 
supply tubing. 

060-009005 LOC SLEEVE x END CAP 

Used at the end of RO·DRlp® laterals to stop 
the flow of water. The end cap unscrews 
manually for flushing the laterals. 

060-009006 LOC SLEEVE x LAY FLAT ADAPTER 

Used to connect RO-DRIP® to vinyl lay flat 
manifold (header). 

060-009007 LOC SLEEVE x 350 COMPRESSION 

Used to connect .250" J.D. supply tubing by 
means of a compression adapter to RO-DRIP® 
laterals. 
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ROBERTS 
IRRIGATION PRODUCTS. INC. 
700 RANCHEROS DR1VE 
SAN MARCOS. CA 92069·3007 
USA 

RO-DRIP® Fittings 

ROBERTS 
IRlICl110M ~OOUCTS. lie. 

PART # 

060-009008 

060-009009 

060-009010 

060-009020 

062-001000 

062-001001 

062-001002 

(619) 744-4511 
FAX:(619) 744-0914 

PRODUCT DESCRIPTION 

LOC SLEEVE x 400 COMPRESSION 

Used to connect .375" 1.0_ supply tubing by 
means of a compression adapter to RO-DRIP® 
laterals. 

LOC SLEEVE x DRAIN VALVE LOW 

(.6 G.P.M @ 1 P.S.I.) 

Used at the end of RO-DRIf® laterals to stop 
the flow of water. Automatic flushing device 
closes when flow is .6 G_P.M_ @ 1 P.S.1. 

LOC SLEEVE x DRAIN VALVE HIGH 

11.2 G.P.M. @ 2.5 P.S.I.) 

Used at the end of RO-DRIP® laterals to stop 
the flow of water. Automatic flushing device 
closes when the flow is 1.2 G.P.M. @ 2.5 
P.S.1. 

LOC SLEEVE x FEMALE HOSE CONNECTOR 

Used to connect RO-DRlp® lateral(s) to 3/; 
hose thread garden valve. 

PVC PIPE ADAPTER x 350 COMPRESSION 

Used for connection of .250" 1.0. supply 
tubing to RO-DRIP® laterals. Compression 
adapter is glued onto P.V.C. manifolds after 
drilling 29/S4 " hole. 

PVC PIPE ADAPTER x 400 COMPRESSION 

Used for connection of .375" 1.0. supply 
tubing to RO-DRIP® laterals. Compression 
adapter is glued onto P.V.C. manifolds after 
drilling 29/6/ hole. 

PVC PIPE ADAPTER x 600 COMPRESSION 

Used for connection of .510" 1.0. supply 
tubing to RO-DRIP® laterals. Compression 
adapter is glued onto P.V.C. manifolds after 
drilling 29/0: hole. 

RO-ORlp® User's Guide 
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Important for all Installations 

RO-DRIP® Installation 
and Start-up 

All systems must be carefully designed and engineered before installation begins. 

Do not use galvanized steel, steel, or aluminum in the system. Install proper filtration for efficient and 
proper operation of the system. 

Where ground pests are a potential problem pest controls must be implemented before installing RO-DRIP®. 

Use proper regulation devices. 

If there are significant slopes, check valves and air relief valves should be used to prevent suction of soil 
into the RO-DRIP® outlets. 

Proper preparation of soil and beds before planting is essential for successful crop production. Soil should 
be well worked, free of clods, and cross ripped when dry to assure adequate drainage and aeration. Care 
should be taken to avoid reforming hard pans. High beds provide improved drainage. Increasing bed 
height may help to alleviate drainage problems in problem soils. 

• Protect RO-DRIP® by storing in a protected area and leave wrapping in place until ready to install. 

Always install RO-DRIP® lateral with orifice (outlet) facing up. This prevents potential plugging by any 
debris or contaminants that may enter or settle in the lateral. 

Do not step on RO-DRlp® laterals or drag the RO-DRIP® across soil surface. Puncture damage will alter 
flow rates. 

RO-DRIP® must be buried when installed under clear plastic. 

Maintain a low constant tension on the RO-DRlp® roll. Uneven tension or jerks could cause damage 
(stretch) and alter flow rates. 

When RO-DRlp® spool is empty replace with a new roll and join ends together with a splice to prevent 
debris entering the completed lateral. 

All systems should be operated before any planting begins. 

RO-DRIP® User's Guide page 25 



Equipment 

System Controller Manages: 
Pump 
Fertilizer Injector 
Filter rank~ 
Mainline Control Valve 
Flowmeter 
all Field Control Valves 

All RO-DRIP® Irrigation Systems ·have common components: 

1. System Controller 10. Flowmeter 

2. Pump 11. Air Vents at all High Points 

3. Back Flow Prevention Valve 12. Pressure Relief Valve 

4. Fertilizer Injector or Tank 13. Field Control Valve 

5. Filter Tanks 14. Sub-Main Secondary Filters 

6. Gate or Geared Valve 15. Pre-set Pressure Regulator 

7. Pressure Gauges 16. Sub-Main 

8. Mainline Control Valve 17. Lateral Hookups 

9. Mainline 18. RO-DRIP® Laterals 

page 26 ROBERTS IRRIGATION PRODUCTS, INC. 
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Connections 

Connection of Control Valve to Sub-Main 

Automatic System 

Main Line 
(Buried P.V.C. Pipe) 

Manual System 

Globe or Butterfly 
Valve for Control 

Air Relief 

Valve-_---I .... 

RO-DRIP~ User's Guide 

~~ 

Sub-Main 
(Buried P.V.C. Pipe) 

~SUb-Ma;" 
(Lay Flat 
on Surface) 
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Connections 

Connection of RO-DRlpiEto Su,?-Main 

OVAL HOSE 

LAY FLAT HOSE 

p.v.c. 

.250 !.D. x .350 OD. 
Tubing 

Transfer Barb 

Direct Connection ,170 !.D, x ,250 O,D, 

,170 !.D, x ,250 O,D, or 

Tubing ,250 !.D, x ,350 O,D, 

~ 
Tubing 

U 
To To 

RO-DRIP" Lateral RO-DRIP" Lateral 

... ~ H .-: U 
I : C:~:::-_'. 

Direct Connection 

.170 !.D. x .250 OD. 

.250 !.D. x .350 O.D. 

.375 !.D. x .455 O.D. 

Tubing W 
To 

RO-DRIP'" Lateral 

. 375 !.D. x .455 OD. 

Threaded Lay Flat 

Hose Adapter 
x .350 O.D. Compression 

.250 I.D. x .350 OD. 

To 
RO-DRIP" Lateral 

.510 I.D. x .610 O,D. 

Tubing TUbing 

To U To U 
RO-DRIP" Lateral RO-DRIP~ Lateral RO-DRlp® Lateral 

page 28 

LOC SLEEVE x .250 Barb 

RO-DRlp® 

Lay Flat 

Hose Adapter 
x .LOC SLEEVE 

RO-DRIP'" 

p.v.c. Tee S x S x 1/2 F .P.T. 

\:.-_--1---

LOC SLEEVE x 1/2" M.A . 

RO-DRlp® 

ROBERTS IRRIGATION PRODUCTS, INC. 
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Connections 

Tubing Connection 

Direct manifold to RO-DRIP® Connection 
~§EJijj) q 

.510 I.D. x .610 O.D. Tubing 

~ 
~ ~~'X.600 

~P.V.C. 

Piercing 

Tool 

How To Splice 

RO-DRlp® LOC SLEEVE Coupling 

Closing Methods 

~~~ 
RO-DRlp:!: 

LOC SLEEVE x Flush Valve End Cap 

~~~ 
RO-DRlp® 

LOC SLEEVE x 3/4" FHT Cap End Flush 

RO-DRlp® LOC SLEEVE x .250 or .400 Barb 

RO-DRlp® 
LOC SLEEVE x Compression Adapter 

Wire Tie 

Twister 

Handle 

RODRIP~:I::-_~:tJ;t-=-=_ ~=~ ~:-:-~_;;::_~-=:~~'\:;===: 
RO-DRlp:!: .510 !.D. x .610 O.D. RO-DRlp® 

.510 !.D. x .610 O.D. 

Tubing folded over 

and wire tied 

Tubing 

RO-DRlp® 

Closing RO-DRIP® by folding over twice and sliding cut piece over folded end of RO-DRlp® 

RO-DRIP' User's Guide page 29 
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Suite 130 

Anne E. Kramer Tampa, FL 33610 
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SAFETY STORAGETPI 
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Safety Storage™ prefabricated, 
weather-proof buildings offer a low 
cost solution to protect your facility 
from chemical hazards, provide secondary 
containment for soil and groundwater 
protection, minimize liability, meet fire 
safety needs, and safeguard personnel, 
while complying with federal, state, and 
local requirements. 

These relocatable, turnkey buildings 
are available in a wide choice of building 
sizes and storage capacities, at a potential 
60% savings over the cost of permanent 
structures. They are designed to Factory 
Mutual System standards and utilize UL 
listed components throughout. 

Safety Storage buildings are designed 
to comply with all federal, state, and local 
regulations and can be pre-engineered to 
meet special structural, electrical, fire, 
and ventilation requirements. 

Safety Storage is the nation's leading 
manufacturer of prefabricated chemical 
and hazardous material storage buildings. 
Custom engineering assistance and special 
application buildings are offered to meet 
specific requirements_ 

Outside Dimensions 
Model 

Length Width Height 

32 33'3+'4' 11'5W 8'8' 

24 25'3%" W5W 8'8' 

22 23'3%" 9'33f4' 8'8' 
;' 

15 15'11W 9'33f4' 8'8' 

7 873f4' 9'3W 8'8' 

.. 10 10'11' 6'5" 8'4' 

32FS 33'30/4' 11'5W 8'8' 

24FS 25'33f4' 11'5W 8'8' 

22FS 23'3W 9'33f4' 8'8' 

15FS 15'11%" 9'33f4' 8'8' 

7FS 873f4' 9'33f4' 8'8' 

10FS 10'11' 6'5" 8'4" 

'Includes hold-down brackets, "55 gallon drums, 

Steel and 2-Hour Fire-Rated Prefabricated Storage Buildings 

FEATURES 

Steel Buildings 

• Walls and sump walls constructed 
of 10-gauge welded steel 

• Roof/ceiling constructed of 
l2-gauge steel 

• Double-doors 

FireShield Buildings 

• 1\vo-hour fire-rated walls, roof/ceiling, 
and sump wallS, in accordance with 
UL 263 and ASTM-E1l9 requirements. 

• Air inlet vents equipped with 1 V2 
hour UL Classified fire dampers 

• UL Classified three-hour fire-
rated double doors (60 I x80") with 
UL listed frame and hardware. Active 
door equipped \\1th automatic door 
closer, security lock, and interior 
safety release 

All Buildings 

• Chemical resistant coated surfaces 
• Water sprinkler piping assembly 
• Secondary containment sump, with 

fiberglass floor grating 

• Open-channel construction for visual 
inspection and crane/forklift openings 

• Security locks mth inside safety 
release 

Inside Dimensions Tare Door Openings 
Weight 

Length Width Height (Lbs.) Height Width 

327W 10'8W 7'3W 23,325 670/8' 4'10%" 

247W 10'8W 7'3'\14' 17,600 67%' 4'10%" 

227W 8'9%' 7'3W 16,750 67%' 4'100/4' 

15'3W 8'9W 7'3W 8,775 67%' 4'103f4' 

7'11W 8'9%' 7'3W 5,250 670/8' 4'10%" 

10'4' 5'9W 7' 2,600 6'9W 9'1' 

32' 10' 7'1' 35,300 67%' 4'100/4' 

24' 10' 7'1' 26,575 67%' 4'10%" 

21'11W 8'1W 7'1' 24,025 670/8' 4'10%" 

14'7W 8'1W 7'1' 13,975 67%' 4'10%" 

7'3W 8'1W 7'1' 8,125 67%' 4'10%" 

9'8' 5'1W 6'10' 8,000 67%' 4'10%" 

• Static grounding system 
• Forklift pockets for ease of relocation 

• Hold-down brackets 
• Hazard placards and labeling 
• One-year limited warranty 

OPTIONS 
• UL listed interior and exterior 

lighting (Class I, Dh1sion 1) 

• Heating and air conditioning 
systems (Class I, Division 1) 

• Thermostatic control switches 
• Electromechanical exhaust ventilation 

systems (Class I, Dh1sion 1) 

• Liquid level detectors (Class I, 
Division 1) 

• Dry chemical fire suppression system 
• Interior separation walles), steel 

and 2-hour fire-rated 

• Chemical resistant sump liner 
• Explosion relief construction 
• Safety eye/face wash units 
• Sump overflow pipe fitting with cap 

• Shelving 
• Loading ramp(s) 

Designed Storage Capacity Sump 
Capacity 

Weight (Ibs_) Sq. Ft. Drums· (Gallons) 

87,125 348 80 1460 

65,750 263 60 1100 

49,500 198 50 830 

33,500 134 33 560 

17,375 69 16 290 

14,875 59 14 220 

80,000 320 80 1340 

60,000 240 60 1000 

44,500 178 44 750 

29,625 118 28 500 

14,760 59 12 .,,~- 150 

11,000 44 8 160 
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Chemical Storage 
Buildings and Lockers 
Models 6 and 2 

Buildings for the storage of chemicals 
and other hazardous materials in smaller 
quantities. These buildings are in full 
compliance "ith federal, state, and local 
regulations. 

FEATURES 
• Constructed of ASTM-graded steel 
• Secondary containment sump with 

fiberglass floor grating 

• Chemical resistant coated surfaces 
• Natural ventilation 
• Security locks with interior 

safety release 

• Static grounding system 
• Forklift pockets for ease 

of relocation 

• Hold-down brackets 
• Hazard placards and labeling 

Model 

6 

2 

OPTIONS 
• Safety eye/wash unit 
• Chemical resistant sump liner 
• Interior/exterior lighting 
• Electromechanical exhaust ventilation 

system (ModelB only) 

Outside Dimensions Inside Dimensions Tare 

Length Width Height Length 
Weight 

Width Height (Lbs.) 

6'3%' 67" 8'4' 5'8W 5'9W 7' 1,800 

5'3' 2'10W 6' 4'8" 2'5" 4'6' 650 

• One-year limited warranty 'Includes hold·down brackets. "55 gallon drums. 

• Dry chemical fire suppression system 
(ModelB only) 

• Sump overflow fitting with cap 

• Shelving 

Door Openings Designed Storage Capacity Sump 
Capacity 

Height Width Wt.(lbs.) Sq.FI. Drums· (Gallons) 

6'9" 4'6" 8,000 32 5 122 

4'5' 4'4" 2,800 11 2 86 

4-Hour Fire-Rated Buildings for Flammable and Combustible Liquids and Hazardous Materials 

Heavy-duty, relocatable Safety 
StorageT)! buildings which comply with 
Underwriters Laboratories U435 (4-hour) 
fire-rating classification and meet appli­
cable regulatory requirements for safe 
storage, handling, dispensing, and use 
of flammable and combustible liquids 
and hazardous materials. 

The buildings, which are avail· 
able in three standard sizes, may 
be located less than five feet from 
a structure or property line. They 
may even be placed inside your 
facility (subject to local authority 
having jurisdiction). 

Model 

44-4 

30-4 

14-4 

FEATURES 
• Four-hour fire-rated walls, roof/ceiling, 

and sump walls constructed of gypsum 
encased in galvanized steel sheeting 
per UL Fire Resistance Rating Design 
No. U435 

• Three-hour, UL Classified double doors 
with UL listed frame and hardware 

• Air inlet vents equipped with 3-hour, 
UL Classified fire-rated dampers 

• Secondary containment sump with 
fiberglass grating 

• Chemical resistant coated surfaces 
• Security locks with inside safety release 
• Static grounding system 
• Forklift pockets for ease of relocation 

Outside Dimensions Inside Dimensions Tare 
Weight 

Length Width Height Length Width Height (Lbs.) 

33'6W' 9'2W 8'9%" 21'111/;( 8' 7'4" 31,125 

16'3W' 9'2%" 8'9Ys" 14'7W 8' 7'4" 21,725 

8'10W' 9'2W' 8'9W 7'3" 8' 7'4' 12,300 

'Includes hold-down brackets. ' '55 gallon drums. 

• Hold·down brackets 
• Hazard placards and labeling 
• One-year limited warranty 

OPTIONS 
• Heating, air conditioning, and 

electro-mechanical exhaust ventila­
tion systems (Class I, Division 1) 

• Interior/exterior lighting 
(Class I, Division 1) 

• Dry chemical fire suppression system 
• Liquid level detectors 

(Class I, Division 1) 

• Emergency eye/face wash units 
• Interior walls and shelving 

• Loading ramps 

Door Openings Designed Storage Capacity Sump 
Capacity 

Height Width WI. (Ibs.) Sq.FI. Drums· (Gallons) 

6'73/6" 4'10314" 44,000 176 44 -750 

6'73;'6' 4'10W 29,625 1.18 _2.6. -500 

6'73is" 4'10W 14,750 59 12 250 
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SAFETY STORAGE™ Secondary Containment Products . 

Hazardous Liquid Spill Containment Sump 

Outside Dimensions 
Model 

Length" Width Height 

32S 33'3W 11'fW 11Vs' 

24S 25'4W 11'1%' 11Vs" 

22S 22'6%' 8'6W 1Ws' 

15S 15'6W 8'6W 113fs" 

7S 7'9W 8'6W 113fs" 

'Includes hold-down brackets. ' '55 gal/on drums. 

Safety Storage Spill Containment 
Sumps provide secondary containment 
storage for hazardous chemicals. The 
sumps are available in five standard 
sizes to accommodate up to eighty 
55-gallon drums and have a spill 

Storage Capacity Max. Sump Tare 
Capacity Weight 

Sq. Ft. DrumS" Gallons (Lbs.) 

371 80 1460 6140 

283 60 1100 4610 

177 40 770 3085 

121 28 520 2070 

59 12 250 1050 

SAFE· T ·PALLET ™ Spill Containment Pallets 
Steel 

FEATURES 
• Constructed of la-gauge ASTM-A569 

sheet steel and ASTM-A36 tubing 
• Dimensions: 52"L x 52"Wx 16W'H 
• Storage capacity: four (4) 55-gallon 

drums (single level) 
• Sump capacity: 127 gallons 
• Fiberglass floor grating 
• Chemical resistant coated surfaces 
• Forklift pockets for ease of relocation 

OPTIONS 
• Chemical resistant sump liner 
• Sump overflow fitting with cap 
• Side rails and safety chains 

~* t[\ 
Approved ~ 

CLASSIFIED 

Molded Polyethylene 

FEATURES 
• Constructed of rotationally-molded, 

high-density, corrosion-resistant, 
cross-linked polyethylene 

• Dimensions: 52"L x 52"W x 16W'H 
• Storage capacity: four (4) 55-gallon 

drums (single level) 

• Sump capacity: 90 gallons 
• Fiberglass floor grating 
• Forklift pockets for ease of relocation 

OPTIONS 
• Side rails and safety chains 
• Steel floor grating 

Slflcewe cannot anticipate all conditions under which this InlormallOnand our products. orthe prOdl/ClS 01 other rr:anu1acturers 
In comblnatlon'wlth our products may be used, we accept no responSibility for results obtained by the application of thiS 
information or the safety and sUitability of our products. either alone or in combination With other products Users are advised to 
make their own tests 10 determine the safety and sUitability of each such product for their own purpo~ Unless otherwise agreed 
in wrlling, we seilihe products Without warra'lly and buyers and users assume all responsibility an!:! liability for loss or damage 
arisingfromlhehandlingaflduseofourp'oCIuc\s,whelherusedaloneorlOcombinatlOnwlthotherproduClS. 

'I~Y~ 
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SAFETY 
STORAGE™ * Factory Mutual approval IS pending on some products. Usage IS subJect to local 

authority having Jurisdiction. UL classification not available on all models. 

capacity of up to 1460 gallons. They 
may be used inside or outside with 
a minimum of site preparation. 

FEATURES 
• Constructed of continuously welded 

la-gauge steel 

• Chemical resistant coated surfaces 
• Fiberglass floor grating 
• Forklift pockets for ease of relocation 
• Static grounding system 

OPTIONS 
• Sump overflow fitting \\ith cap 
• Chemical resistant sump liner 

SAFETY STORAGE, INC. 
2301 Bert Drive 
Hollister, CA 95023 
1-800/344-6539 
Phone: 408/637-5955 
Fax: 408/637-7405 

© 1992 Safety Storage, Inc., All fights reserved 
Safety Storage is a trade mark of Safety Storage. Inc. 
55·126 20M Printed in U.5A 1 '93 



SAFETY STORAGE INC. 
Represented by· 

Petro-Chern EqUipment Co. 
8302 Laurel Fair Circle. # 130 
Tampa. FL 33610-7361 
8131621-6949 FAX. 813 626-5468 
1-800/330-6949 

HAZARDOUS MATERIALS STORAGE BUILDING SPECIFICATION 
MODEL 15 SAFElY STORAGE BUILDING 

BASIC STRUCfURE 

* 
* 
* 
* 
* 
* 

* 

* 
* 

* 
* 
* 

* 

* 

Relocatable hazardous materials storage unit. 
External dimensions: 16'0" Lx 9'4" W x 8'8" H 
Internal dimensions: 15'3" L x 8'9" W x 7'3" H 
Interior Square Footage: 134 square feet 
Storage capacity: 28 55-gallon drums or 33,500 lbs. 
Building Walls: noncombustible, 10 gauge, corrosion protected sheet steel welded 
to 10 gauge, corrosion protected, formed steel studs. 
Roof: noncombustible, 12 gauge, corrosion protected, sheet steel continuously 
welded to 10 gauge, corrosion protected, formed steel purlins on 30 inch centers. 
Roof is sloped for rain water run-off. 
No mechanical fasteners penetrate the exterior walls or roof. 
No lightweight steel skins, plywood, or rubber membranes are used in wall or roof 
construction. 
Roof snow loading: 40 psf 
Wind loading: 30 psf (110 mph) 
Doors: Two (2) 55-1/2" W x 82-1/2" H Located on front of building. Fabricated 
from twelve gauge (12 ga) corrosion-protected sheet steel is equipped with a three­
point security lock and an interior safety release latch. Door opening measures 
(54"W x 8l"H). 
Building base: open channel construction, providing visual inspection of bottom and 
crane/forklift pockets for ease in relocation. 
Tare weight: apprOximately 8,775 lbs. 

SECONDARY CONTAINMENT SUMPIFLOORING 

* Built-in seven-inch deep secondary spill containment sump with chemical resistant 
epoxy coating. 

* Sump Construction: noncombustible, 10 gauge, corrosion protected, sheet steel floor 
continuously welded at perimeter to 10 gauge, corrosion protected, steel walls. 

* Sump capacity: 560 gallons (30% of total storage capacity of building). 
* Flooring: Pultruded, corrosion and ultraviolet (UV) resistant, "T -bar" fiberglass 

grating made with fire retardant, isophthalic polyester resin and permanently bonded 
quartz grit/baked epoxy anti-skid surface with an 35% open area. Orating is 
installed in removable sections to enable easy access to sump. Gap between bars 
does not exceed one inch. 

* Floor loading: 250 psf 

FIRE SPRINKLER ASSEMBLY 

* Fire engineered water sprinkler piping assembly with two (2) UL listed, FM approved 
star sprinkler heads and 1-112 inch NPT exterior coupling. 

_. -[ 



HAZARDOUS MATERIALS STORAGE BUILDING SPECIFICATION 
MODEL 15 SAFETY STORAGE BUILDING 

ADDITIONAL STANDARD FFATURES 

* 

* 

* 

* 

* 
* 

Interior finish: high solids, chemical resistant epoxy undercoat (5 mils DFT) with 
off-white semi-gloss flnish 
Exterior finish: high solids, chemical resistant epoxy undercoat (5 mils DFT) with 
heat reflective, UV resistant, gloss-white aliphatic polyurethane topcoat (3 mils 
DFT). 
Signs: One (1) permanent, all-metal D.O.T. flip placard and one (1) pressure 
sensitive NFPA 704 hazard rating sign on each door. 
Grounding system: Static grounding system with interior grounding lugs, one (1) 
exterior static grounding connection, and one (1) eight-foot long copper clad steel 
grounding rod. 
Anchoring: Four (4) hold-down brackets for anchoring building. 
Air vents: Air inlet vents on sides of building. 

ELECTRICAL SYSTEM 

* Pre-wired electrical system including necessary breaker panels, relays, and switches. 
All components UL labeled. 

* All interior components explosion-proof, Class I, Division 1. 
* One (1) UL listed, weatherproof load center (NEMA 3R) with appropriate circuit 

breakers. 

LIGHTING 

* Two (2) interior, UL listed, Class I, Division 1, Groups C and D, explosion proof 
incandescent lighting flxtures each with a 150 W lamp (120 V, 1.25 A, single phase) 
and one exterior, Class I, Division 1, Groups C and D, hazardous location light 
switch (NEMA enclosure type 7/3). 

ELECTRO-MECHANICAL VENTllATION SYSTEM 

* One (1) explosion proof motorized ventilation system equipped with one (1) UL 
listed, Class I, Division 1, Group D, totally enclosed motor (120 V, 4.5 A, 60 Hz, 
single phase) with non-sparking 12 inch diameter, cast aluminum fan blade. System 
is controlled by one (1) exterior UL listed, Class I, Division 1, Groups C and D, 
hazardous location fan switch (NEMA enclosure 7/3). System air-intake is located 
within twelve inches of flooring to minimize accumulation of hazardous vapors and 
system discharge located near top of building to maximize hazardous vapor 
dispersion. Exterior exhaust fan port opening is protected by a shutter assembly. 
All ducting is constructed of 12 gauge steel and coated with epoxy both inside and 
out. Ventilation system provides a minimum of six air changes per hour and will 
shutdown automatically in case of fire. 

SUMP LINER 

* High dens.ity polyet~ylene (HDPE) liner in sump area for add..~?\ ch.~~mical resistance 
when stonng corrOSIves. .:!/ !~<. . 
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NOTES: 

BLDG I: 
CUSTO~ER 
ADDRESS: 

CONTACT: 
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PRELIMINARY GROUNDWATER MOUNDING ANALYSIS 
NS Mayport, Alpha Delta Piers 

The MODRET computer program was used to model the mounding effects of infiltration from the 
proposed oxygen/nutrient delivery system on the groundwater table. MODRET is, in effect, a 
preprocessor for the USGS model MODFLOW as applied to this particular situation. MODFLOW is a 
widely accepted groundwater flow model. The MODRET program takes user supplied data and formats 
it to the MODFLOW input requirements. This data includes the infiltration system geometry, the 
horizontal hydraulic conductivity, the soil's effective storage coefficient, the aquifer's saturated 
thickness, the infiltration system's elevation relative to the water table, and the storage coefficient of 
the media surrounding the infiltration system's piping. 

Since MODRET was primarily written for the analysis of groundwater mounding resulting from 
infiltration from a storm water retention pond, the printout is tailored for that situation and therefore 
contains information that is irrelevant to other situations. The MODRET output is discussed below. 

1. The output begins with a reiteration of the input data. For non-circular ponds or trenches the 
geometry is given as an average length and width which represents the same bottom area as 
the actual pond or trench. For circular ponds, an equivalent average length and width is 
calculated and used. 

2. The relative elevations of the bottom of the aquifer, the design groundwater table, and the 
pond or trench bottom are then given. 

3. The design pond overflow elevation is then given. If no overflow exists, this value will be "-1". 
No overflow structure will normally be present for an infiltration system, but a recovery trench 
would require an overflow to provide a means of removing the recovered groundwater. 

4. The hydraulic conductivity and soil storage coefficient are then given. 

5. The average storage coefficient of the pond or system media is given last. For open ponds, 
this will be "1 ". For infiltration or recovery systems, this will be the storage coefficient of the 
media which surrounds the distribution or collection piping, typically between 0.4 and 0.5. 

6. Following the input data is a table which summarizes the influent rate to the pond or system. 
The modeled time duration is broken down into "stress periods". Each stress period represents 
some specified length of time during which the influent to the pond or system is constant. For 
each stress period, the table gives the length of time, recharge rate to the pond or system 
(hydraulic loading), and the recharge rate to areas outside the pond or system (this was 
provided so that rainfall around a storm water retention pond could be considered in evaluating 
the pond's performance). Stress periods can be created to define changing input conditions 
as described above, or to provide output at specified time intervals in order to see the 
incremental changes which may have occurred or to establish that the groundwater table has 
stabilized. 

7. Storage and infiltration volumes for retention ponds follow the influent summary table. These 
are not important to infiltration systems with constant inflows or to recovery trenches. 

8. The elevation of water in a pond that would result from the given inflow if no infiltration 
occurred is given for each stress period. This is only used in the evaluation of retention pond 
performance and has no meaning for most infiltration systems and recovery trenches. 



9. A summary of the MODRET results is then given which includes the groundwater table 
elevation at the end of each stress period. The infiltration rate is also given. For infiltration 
systems with constant inflow rates, this value should equal the inflow rate. For recovery 
trenches, this value would be negative since water would be removed from the aquifer, and 
would equal the trench withdrawal rate. 

10. Profile data for the end of each stress period is then given for the groundwater mound (or 
depression in the case of a recovery trench). A diagram is shown indicating that the profile 
data refers to a coordinate system with it's origin at the geometric center of the pond or 
trench, with the long dimension being the "y" direction and the short dimension being the "x" 
direction. In both infiltration systems and recovery trenches, the "x" direction is considered 
representative of the mound or depression influence. Changes in the mound or depression over 
time can be seen in this profile data from stress period to stress period. 

MODEL SETUP AND INPUT 

The infiltration system will consist of a piping network designed to evenly distribute 30,000 gallons 
per day over the source area, which is roughly circular. Therefore, the infiltration system was treated 
as a circular pond with a diameter of 130 feet. This geometry most accurately reflects the system's 
proposed functions for modeling purposes. The water table is assumed to be four feet below land 
surface (bls) and the aquifer bottom is assumed to be 70 feet bls. The bottom of the infiltration 
system will be two feet bls. The horizontal hydraulic conductivity and the soil storage coefficient, 21 
feet per day and 0.25, respectively, are given in the Contamination Assessment Report. The 
simulation does not include effects from the existing groundwater gradient, natural water table 
elevation fluctuations, or subsurface structures, such as the original Alpha bulkhead, which restrict 
groundwater flow. 

MODRET PROGRAM PRINTOUT 

SATURATED INFILTRATION ANALYSIS 
USING 'MODRET ' PROGRAM 

Written By Nicolas E. Andreyev,P.E. 
( March, 1989 ) 

SUMMARY OF INPUT PARAMETERS 
=========================== 

POND NAME / NUMBER : Alpha Delta Piers Bioremediation System 

AVERAGE WETTED POND LENGTH ====================> 115.210 ft 

AVERAGE WETTED POND WIDTH =====================> 115.210 ft 

AVERAGE ELEVATION OF BOTTOM OF AQUIFER ========> -60.000 ft 

AVERAGE ELEVATION OF DESIGN GROUNDWATER TABLE => 6.000 ft 

AVERAGE ELEVATION OF POND BOTTOM ==============> 8.000 ft 

ELEVATION OF DESIGN OVERFLOW FROM POND ========> -1.000 ft 

AVERAGE HORIZONTAL HYDRAULIC CONDUCTIVITY =====> 21. 000 ft/d 

AVERAGE EFFECTIVE STORAGE COEFF. OF SOIL ======> 0.250 

AVERAGE STORAGE COEFFICIENT OF POND AREA ======> 0.250 



STRESS TIME RECHARGE TO RECHARGE OUTSIDE 
PERIOD INCREMENT POND AREA POND AREA 

No. ( HOURS ) ( ft/day ) ( ft/day ) 
------------ ------------- -------------- ----------------

1.00000 720.00000 0.30214 0.00000 
2.00000 720.00000 0.30214 0.00000 
3.00000 720.00000 0.30214 0.00000 
4.00000 720.00000 0.30214 0.00000 
5.00000 720.00000 0.30214 0.00000 
6.00000 720.00000 0.30214 0.00000 

THE TOTAL DIRECT STORAGE AND INFILTRATION VOLUME 
OF RETENTION POND DURING SATURATED INFILTRATION IS: 

Vs = 16.57190 ac-ft 

THE TOTAL STORAGE AND INFILTRATION CAPACITY OF RETENTION 
POND DURING 'UNSATURATED AND SATURATED' INFILTRATION IS: 

VT = Vu + VS = 16.57190 ac-ft 

STRESS PERIOD 

NUMBER 

1 
2 
3 
4 
5 
6 

ELEVATION OF WATER 
LEVEL IF NO 

INFILTRATION OCCURRED 
( ft ) 

====================== 

44.26 
80.51 

116.77 
153.03 
189.28 
225.54 

SUMMARY OF , MODRET' RESULTS 
=========================== 

POND NAME / No.: Alpha Delta Piers Bioremediation System 

STRESS CUMULATIVE WATER INFILTRATION WEIR 
TIME ELEVATION RATE OVERFLOW 

PERIOD (hrs. ) (feet) (cfs) (cubic ft. ) 
---------- ---------- ----------- ------------- -----------

0 0.000 6.000 0.000 0.000 
1 720.000 7.070 0.048 0.000 
2 1440.000 7.240 0.046 0.000 
3 2160.000 7.320 0.046 0.000 
4 2880.000 7.320 0.046 0.000 
5 3600.000 7.320 0.046 0.000 
6 4320.000 7.320 0.046 0.000 
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SUMMARY OF GROUNDWATER MOUND 
============================ 

END OF STRESS PERIOD No. 1 

x - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------
14 .40 7.07 9.60 7.07 
43.20 7.07 28.80 7.07 
72 .01 6.95 48.00 7.06 

100.81 6.78 67.21 6.98 
129.61 6.67 86.41 6.86 
172.81 6.54 105.61 6.77 
259.22 6.37 134.41 6.66 
374.43 6.24 192.02 6.50 
489.64 6.16 307.23 6.30 
604.85 6.11 460.84 6.18 
720.06 6.07 614.45 6.10 
835.27 6.05 768.06 6.06 
950.48 6.03 921.68 6.03 

1065.69 6.01 1075.29 6.02 
1180.90 6.00 1228.90 6.00 

END OF STRESS PERIOD No. 2 

x - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------
14 .40 7.24 9.60 7.24 
43.20 7.24 28.80 7.24 
72.01 7.13 48.00 7.24 

100.81 6.96 67.21 7.16 
129.61 6.85 86.41 7.04 
172 .81 6.72 105.61 6.95 
259.22 6.53 134.41 6.84 
374.43 6.37 192.02 6.67 
489.64 6.27 307.23 6.46 
604.85 6.19 460.84 6.29 
720.06 6.14 614.45 6.19 
835.27 6.09 768.06 6.12 
950.48 6.06 921. 68 6.07 

1065.69 6.03 1075.29 6.03 
1180.90 6.00 1228.90 6.00 



END OF STRESS PERIOD No. 3 
-----------------------------

X - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------

14.40 7.32 9.60 7.32 
43.20 7.32 28.80 7.32 
72 .01 7.20 48.00 7.31 

100.81 7.04 67.21 7.24 
129.61 6.93 86.41 7.12 
172.81 6.80 105.61 7.03 
259.22 6.61 134.41 6.93 
374.43 6.45 192.02 6.76 
489.64 6.33 307.23 6.54 
604.85 6.25 460.84 6.36 
720.06 6.18 614.45 6.25 
835.27 6.13 768.06 6.16 
950.48 6.08 921.68 6.10 

1065.69 6.04 1075.29 6.05 
1180.90 6.00 1228.90 6.00 

END OF STRESS PERIOD No. 4 
-----------------------------

X - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------

14.40 7.32 9.60 7.32 
43.20 7.32 28.80 7.32 
72.01 7.20 48.00 7.31 

100.81 7.04 67.21 7.24 
129.61 6.93 86.41 7.12 
172.81 6.80 105.61 7.03 
259.22 6.62 134.41 6.93 
374.43 6.45 192.02 6.76 
489.64 6.34 307.23 6.54 
604.85 6.25 460.84 6.37 
720.06 6.18 614.45 6.25 
835.27 6.13 768.06 6.17 
950.48 6.08 921.68 6.10 

1065.69 6.04 1075.29 6.05 
1180.90 6.00 1228.90 6.00 



END OF STRESS PERIOD No. 5 
-----------------------------

X - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------

14.40 7.32 9.60 7.32 
43.20 7.32 28.80 7.32 
72.01 7.20 48.00 7.31 

100.81 7.04 67.21 7.24 
129.61 6.93 86.41 7.12 
172.81 6.80 105.61 7.03 
259.22 6.62 134.41 6.93 
374.43 6.46 192.02 6.76 
489.64 6.34 307.23 6.55 
604.85 6.26 460.84 6.38 
720.06 6.19 614.45 6.26 
835.27 6.13 768.06 6.17 
950.48 6.08 921.68 6.11 

1065.69 6.04 1075.29 6.05 
1180.90 6.00 1228.90 6.00 

END OF STRESS PERIOD No. 6 

X - COOR. ELEVATION Y - COOR. ELEVATION 
(ft. ) (ft. ) (ft. ) (ft. ) 

--------- --------- --------- ---------

14.40 7.32 9.60 7.32 
43.20 7.32 28.80 7.32 
72.01 7.20 48.00 7.31 

100.81 7.04 67.21 7.24 
129.61 6.94 86.41 7.12 
172 .81 6.81 105.61 7.03 
259.22 6.62 134.41 6.93 
374.43 6.46 192.02 6.76 
489.64 6.35 307.23 6.55 
604.85 6.26 460.84 6.38 
720.06 6.19 614 .45 6.26 
835.27 6.13 768.06 6.18 
950.48 6.09 921.68 6.11 

1065.69 6.04 1075.29 6.05 
1180.90 6.00 1228.90 6.00 

DISCUSSION OF RESULTS 

The model results show that the groundwater table can be expected to mound about 1.32 feet over 
the first three months and then stabilize. Although the model does not rigorously simulate all of the 
expected site conditions, the results are considered sufficient for a preliminary analysis. The primary 
concern with regard to groundwater mounding, is its potential effect on the pavement at the site. The 
preliminary analysis indicates that the top of the mound will be sufficiently below the pavement and 
sub-base to avoid any negative effects. 



PERIMETER BIOREMEDIATION SYSTEM 
NS Mayport, Alpha Delta Piers 

The groundwater mounding which is expected to result from the source area 
treatment will tend to push the edge of the contaminant plume further down gradient. 
To offset this effect, a perimeter treatment system is proposed. The system will 
consist of a series of shallow dosing wells which will create a biological treatment 
"fence" by the controlled release of oxygen into the groundwater as it moves down 
gradient. 

Assuming all of the groundwater contamination not treated by the source area system 
will move through the perimeter system and that the source area is treated to 100 
ppm, the geometric average TRPH concentration crossing the perimeter would be: 

3 r---=---;;;-;;;:--;-:;~ V 5 x 50 x 100 = 29 ppm 

Based on the contours shown in Figure 3-2 and assuming the contaminant 
concentrations exceeding the target levels occur within the upper 5 feet of the 
aquifer, the volume of contaminated groundwater to be treated is: 

31,769 ft2 x 5 ft x 0.25 porosity = 39,711 ft3 = 297,061 gallons 

Therefore, the amount of TRPH to be degraded is: 

297,061 gal x ( 29 - 5 ) mg X 3.785 -' x 0.001 ..JL = 26,985 g of TRPH 
, gal mg 

Groundwater at the site will ultimately flow to the east. Based on Figures 3-2 and 4-
2, the plume is expected to pass through about 150 feet of the down gradient 
perimeter. Using a calculated pore water velocity of 0.59 ft/day and a thickness of 
contaminated aquifer of 5 feet, the volume of contaminated groundwater passing 
through the perimeter system will be: 

ft ftS 
150 ft x 5 ft x 0.59 - = 442.5 - = 3310 gpd 

day day 

The TRPH to be treated will be: 

331 ° gpd x 3.785 -' x 24 mg of mPH x 0.001 ..JL = 301 9 of TRPH 
g81 , mg day 

The oxygen required to treat the TRPH will be: 

2.5 9 0(°2 

9 of TRPH 
x 301 9 of mPH = 752.5 9 of °2 

day day 

The oxygen source will be a slow dissolving powder of Mg02 • The rate of release of 



oxygen is 1.8 mg of O2 per day for each gram of Mg0 2 • Therefore, the amount of 
powder required is: 

752.5 g of~ 
day 

1.8 
mg of 02 

9 of Mg02 

x 1000 mg X 0.001 kg = 418 kg of Mg02 
9 9 

A dosing well spacing of 5 feet is assumed based on a conservative estimate of lateral 
spreading due to mechanical dispersion. At that spacing, 30 wells will be required. 
The amount of powder required per well is 14 kg. At 1.5 g/mi, the volume of 
powder needed in each well is: 

14 kg of Mg02 x 1000 1-
---------------=-:kg~-- = 0.3297 ft3 
1.5 1- x 1000 ml x 3.785 -, x 7.48 gal 

ml 1 gs/ ft3 

Assuming a 5-foot column of water to be dosed, the required well diameter is: 

Diameter = 2 x r = 2 x volume = 2 x 0.3297 ft3 = 0.29 ft = 3.48 inches 
1t x5ft 1t x5ft 

Therefore, 4-inch diameter wells will be required. 

The proposed well locations are shown in the attached figure. Variations in final well 
locations may be necessary to avoid utilities and other subsurface features. Based on 
the above calculations, 26,985 grams of TRPH will be degraded at a maximum rate 
of 301 grams per day. This indicates a minimum required clean up time of 
approximately 90 days. As with the estimated clean up time in the source treatment 
system, this is considered optimistic and a safety factor of two should be applied. 
Therefore, the estimated time for clean up is approximately 180 days. 
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BASIS OF DESIGN 

The putpose of the RAP is to present a plan for remediation of petroleum contamination at the 
Alpha Delta Pier site which, when implemented, will result in a reduction of the level of 
petroleum related contamination in accordance with the requirements of Florida Administrative 
Code (FAC) Chapter 17-770. 

Implementation of the remedial actions described in the RAP will include the following tasks: 

monitoring of existing wells for free product and manually recovering product as 
necessary; 

rehabilitation of the storm water pipes in the area of contamination by the 
installation of slip linings; 

application of oxygen and nutrients to the vadose zone soils and the aquifer to 
enhance natural biodegradation; 

start-up and testing of the system to optimize efficiency; and 

maintenance, operation, and monitoring of the system for up to 2 years. 

Groundwater contamination exceeding regulatory standards has been identified at the Alpha Delta 
Piers at NS Mayport, Florida. Free product has been observed at the site in the past, but 
currently appears to be absent. Contaminated groundwater and possibly free product infiltrate 
a storm drainage pipe and discharge to the turning basin. The surficial aquifer in the vicinity 

. of NS Mayport is classified, according to the criteria specified in FAC Chapter 17-3, as G-ill. 

Soil at the site typically consisted of very fine-grained sand, silt, shell material, and construction 
debris, such as concrete. Naturally occurring sediments consist of [me-grained sand and shell 
beds. Only the surficial, unconfmed aquifer was encountered during drilling operations at the 
site. Groundwater beneath much of the site was encountered at approximately 4.0 feet bls. A 
literature search indicates that the base of the surficial aquifer is approximately 70 feet below 
land surface (bls). Water in the upper part of the unconfined surficial aquifer is relatively fresh. 
Generally, over much of the facility, groundwater at depths greater than 40 feet bls becomes 
brackish and is classified as G-ill. At the site, groundwater becomes brackish at depths greater 
than 50 feet bls. The overall direction of groundwater flow is northerly toward the bulkheads 
and turning basin. At the bulkheads, groundwater flow is parallel to the piers and to the east. 
Hydraulic conductivity (K) values at the site ranged from 33.20 to 9.06 feet per day. The 
hydraulic gradient (I) was calculated to be 0.007 foot per foot. Based on the K of 21.13 feet 
per day and I of 0.007, the average linear pore water velocity (V) beneath the site was calculated 
to be 0.59 foot per day. 

In general, contamination appears to be restricted to the pier areas. At the 1985 diesel fuel 
marine (DFM) pipeline break, contamination extends from the bulkhead to approximately 150 
feet inland along Maddox Avenue. Laboratory analyses indicate the contamination may be from 



several sources, including the DFM pipeline and the oily waste collection system. Based on the 
available data, the FAC Chapter 17-770 used oil analytical group of contaminants are the basis 
for the remedial design. The presence of free product at the site has been variable. 

Because the fresh water lens is not a viable potable water source and is not otherwise 
distinguishable from the brackish zone, the surficial aquifer is classified under FAC Chapter 17-
3 as G-ill. Action levels for remedial actions at this site are based on the upper limits of 
contaminant concentrations for monitoring only situations in a G-ill aquifer. 

A remedial strategy of containment and source abatement is proposed. The proposed 
containment action of rehabilitating the storm water pipe along Maddox Avenue will prevent 
future discharges of contaminated groundwater from the site into the turning basin. Source 
abatement actions will include monitoring/removal of any free product which may be present and 
the reduction of contaminant concentrations by in situ biodegradation. Biodegradation at the 
source area will be enhanced by the application of oxygen through a subsurface drip irrigation 
system delivering a hydrogen peroxide solution. Contaminated groundwater moving down 
gradient from the source area will be treated at the plume perimeter by a line of wells containing 
a magnesium peroxide powder oxygen source. A monitoring program is proposed which will 
allow for measurement of the progress of the remediation and provide feedback for maximizing 
the systems operating efficiency. 
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COST ENGINEERING SYSTEM 

** BASIC INFORMATION ** 
00 1 1 14 
01 PRELIMINARY 
02 
03 MAYPORT ALPHA DELTA PIER 
04 
05 MAYPORT, FLORIDA 
06 N2 
07 / / 
08 BLAKE G. SVENDSEN 
09 1000000.00 
10 1.00 
11 EA 
12 01121/92 

13 02 
** PRIME CONTRACTOR MARKUP ** 

LISTING OF ESTIMATE INPUT FOR MAYADPIR DATE: 12/13/93 PAGE: 

14 A XXXXX 0.035.5 0.0 2 17 2 10 10 10 1.50 0.0 0.00 0.0 0.00 0.00 0.00 
** SUBCONTRACTOR MARKUP ** 

15 A XXXXX 0.0 35.5 0.0 2 17 2 10 10 10 5 5 5 5 5 5 1.50 0.0 0.00 0.0 0.00 0.00 0.00 
** END ITEMS ** 

WBS 
0805 

ITEM 
AAAAAA 

080501 AAAAAA 

08050101 AAAAAA 

08050101 DJGLO 

08050101 DJGLU 

08050101 DJGMYJ 

08050101 DJGMYO 

08050101 SYSDC 

2002 AAAAAA 

200202 AAAAAA 

20020201 AAAAAA 

20020201 C2 

20020201 SYSDC 

3301 AAAAAA 

330101 AAAAAA 

33010107 AAAAAA 

33010107 C1 

QTY UM R SPEC SSPEC GRP 
1.00 EA 

1.00 EA 

1.00 EA 

1.00 EA 02713 02715 PI 

1.00 EA 02713 02715 PI 

1.00 EA 02713 02715 PI 

1.00 EA 02713 02715 PI 

1.00 EA 

1.00 LF 

1.00 EA 

1.00 EA 

1.00 EA 01000 01000 MP 

0.00 

1.00 LS 

1.00 LS 

1.00 HR 2 

1.00 EA 01025 01025 MP 

MATL 
0.00 

0.00 

0.00 

27.12 

294.04 

192.76 

0.00 

0.00 

0.00 

0.00 

0.00 

180.00 

0.00 

0.00 

0.00 

0.00 

0.00 

LABR 
0.00 

0.00 

0.00 

20.71 

30.68 

55.22 

46.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

EQP DESC 
0.00 DOMESTIC WATER EQUIPMENT 

0.00 PIPES AND FITTINGS 

0.00 DOMESTIC WATER SUPPLY CO NNECTION 

11.64 6 INCH TAPPING SADDLE TAP SIZE TO 2 
NCH 

17.25 6X4 TAPPING SLEEVE 

31.05 4 INCH TAPPING VALVE MJ 

69.38 TAP 4 INCH HOLE IN PIPE 

0.00 DOMESTIC WATER EQUIPMENT 

0.00 EXTERIOR ELECTRICAL DIST RIBUTION 

0.00 SWITCHES, CONTROLS, & DE VICES 

0.00 ELECTRICAL DISTRIBUTION 

0.00 SINGLE PHASE 200 A POWER CONNECTION 

0.00 ELECTRICAL DISTRIBUTION 

0.00 MOBILIZATION AND PREPARA TORY WORK 

0.00 MOBILIZATION OF CONSTRUC TION EQP AND PE 
RMITTING 

0.00 CONSTRUCTION EQUIPMENT 0 WNERSHIP/OPERAT 
ION 

500.00 MOBOLIZATION OF SUBCONTR ACTOR 



COST ENGINEERING SYSTEM LISTING OF 

** END ITEMS ** 
WBS ITEM 
33010107 C2 

33010107 SYSDC 

330102 MAMA 

33010201 MAMA 

33010201 ABB1 

33010201 SYSDC 

330103 MAMA 

33010305 AAAAAA 

33010305 ABB1 

33010305 C2 

33010305 SYSDC 

33010327 MAMA 

33010327 ABB1 

33010327 SYSDC 

330104 AAAAAA 

33010428 MAMA 

33010428 C2 

33010428 C2 

33010428 SYSDC 

3302 AAAAAA 

330205 MAMA 

33020501 MAMA 

33020501 ABB1 

33020501 SYSDC 

33020502 AAAAAA 

33020502 ABB1 

QTY UM 
20.00 DAY 

0.00 

1.00 EA 

1.00 EA 

280.00 HR 

0.00 

1.00 LS 

1.00 EA 2 

1.00 EA 

1.00 EA 

0.00 

1.00 LS 

1.00 LS 

0.00 

R SPEC SSPEC GRP 
01025 01025 MP 

01000 01000 MP 

01000 01000 MP 

01000 01000 MP 

01000 01000 MP 

1.00 LS 2 

1.00 EA 

1.00 EA 01000 01000 MP 

1.00 EA 13900 13900 CN 

0.00 

1.00 LS 

1.00 EA 

1.00 EA 

6.00 EA 13900 13900 SA 

0.00 

1.00 EA 

9.00 EA 13900 13900 SA 

ESTIMATE INPUT FOR MAYADPIR DATE: 12/13/93 PAGE: 

MATL 
150.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1500.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

745.00 

0.00 

0.00 

745.00 

LABR 
0.00 

0.00 

0.00 

0.00 

30.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

200.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

50.00 

0.00 

0.00 

30.00 

EQP DESC 
0.00 PER DIEM FOR SUBCONTRACT OR (3 MAN CREW) 

0.00 CONSTRUCTION EQUIPMENT 0 PERATION 

0.00 MOBILIZATION OF PERSONNE L 

0.00 CONSTRUCTION MONITORING 

5.00 CONSTRUCTION INSTALLATIO N SUPERVISION 

0.00 SETUP OF SUPERVISORY STR UCTURE 

0.00 PRECONSTRUCT ION SUBMITTA LS/IMPLEMENTATI 
ON PLANS 

0.00 PERMITS 

850.00 CONSTRUCTION PERMITS 

0.00 WASTE DISPOSAL AND HAULI NG PERMIT 

0.00 PERMITS 

0.00 CONSTRUCTION SCHEDULING (CPM) 

0.00 CONSTRUCTION SCHEDULING (CPM) 

0.00 CONSTRUCTION SCHEDULING (CPM) 

0.00 SETUP/CONSTRUCT TEMPORAR Y FACILITIES 

0.00 TEMPORARY STRUCTURES 

150.00 SIGNS 

17250.00 HAZARDOUS MATERIALS STOR AGE SHED W/ LIG 
HTS, VENT ILATION, & SUMP LINER 

0.00 TEMPORARY STRUCTURES 

0.00 MONITORING, SAMPLING, TE STING, AND ANAL 
YSIS 

0.00 STARTUP SAMPLING 

0.00 SURFACE WATER 

0.00 UP STREAM AND DOWN STREA M SAMPLES FROM 
STORM SEW ER 

0.00 SURFACE WATER 

0.00 GROUND WATER 

0.00 GROUND WATER SAMPLING AN D ANALYSIS 

2 



COST ENGINEERING SYSTEM LI ST I NG OF ESTIMATE INPUT FOR MAYADPIR DATE: 12/13/93 PAGE: 3 

** END ITEMS ** 
WBS ITEM QTY UM R SPEC SSPEC GRP MATL LABR EQP DESC 
33020502 ABB1A 7.00 EA 13900 13900 SA 150.00 30.00 0.00 MICROBIOLOGICAL SAMPLING AND ANALYSIS 

33020502 SYSDC 0.00 0.00 0.00 0.00 GROUND WATER 

330290 AAAAAA 1.00 YR 0.00 0.00 0.00 YEAR O&M 

33029001 AAAAAA 1.00 EA 0.00 0.00 0.00 YEAR O&M 

33029001 ABB1 15.00 EA 13900 13900 OM 50.00 240.00 0.00 SITE VISITS AND INSPECTIONS 

33029001 ABB2 68.00 EA 13900 13900 OM 745.00 30.00 0.00 CONTAMINATION MONITORING SAMPLING AND A 
NALYSIS 

33029001 ABB2A 77.00 EA 13900 13900 SA 150.00 30.00 0.00 MICROBIOLOGY MONITORING SAMPLING AND AN 
ALYSIS 

33029001 ABB2B 105.00 EA 13900 13900 SA 105.00 30.00 0.00 NUTRIENT MONITORING SAMP LING AND ANALYS 
IS 

33029001 ABB2C 450.00 EA 13900 13900 SA 0.00 10.00 0.00 DOSING WELL MONITORING 

33029001 ABB3 12.00 MO 13900 13900 OM 50.00 0.00 0.00 POWER COSTS 

33029001 ABB4 365.00 DAY 13900 13900 OM 39.00 0.00 0.00 WATER COST @ $1.30 PER 1000 GALLONS 

33029001 ABB6 12.00 EA 13900 13900 OM 10.00 240.00 0.00 MONTHLY REPORTS 

33029001 SYSDC 0.00 0.00 0.00 0.00 YEAR 1 O&M 

330291 AAAAAA 1.00 YR 0.00 0.00 0.00 SUBSEQUENT YEAR O&M 

33029102 AAAAAA 1.00 YR 0.00 0.00 0.00 SUBSEQUENT YEAR O&M 

33029102 ABB1 12.00 EA 13900 13900 OM 50.00 240.00 0.00 SITE VISITS AND INSPECTI ONS 

33029102 ABB2 36.00 EA 13900 13900 OM 745.00 30.00 0.00 CONTAMINATION MONITORING SAMPLING AND A 
NALYSIS 

33029102 ABB2A 28.00 EA 13900 13900 OM 150.00 30.00 0.00 MICROBIOLOGY MONITORING SAMPLING AND AN 
ALYSIS 

33029102 ABB2B 84.00 EA 13900 13900 OM 105.00 30.00 0.00 NUTRIENT MONITORING SAMP LING AND ANALYS 
IS 

33029102 ABB2C 360.00 EA 13900 13900 OM 0.00 10.00 0.00 DOSING WELL MONITORING 

33029102 ABB3 12.00 MO 13900 13900 OM 50.00 0.00 0.00 POWER COSTS 

33029102 ABB4 365.00 DAY 13900 13900 OM 39.00 0.00 0.00 WATER COST @ $1.30 PER 1000 GALLONS 

33029102 ABB5 12.00 EA 13900 13900 OM 10.00 240.00 0.00 MONTHLY REPORTS 

33029102 SYSDC 0.00 0.00 0.00 0.00 SUBSEQUENT YEAR 0 & M 

3303 AAAAAA 1.00 EA 0.00 0.00 0.00 SITE WORK 

330303 AAAAAA 1.00 CY 0.00 0.00 0.00 EARTHWORK 



COST ENGINEERING SYSTEM LI ST I NG OF ESTIMATE INPUT FOR MAYADPIR DATE: 12/13/93 PAGE: 4 

** END ITEMS ** 
IJBS ITEM QTY UM R SPEC SSPEC GRP MATL LABR EQP DESC 
33030302 AAAMA 1.00 LF 0.00 0.00 0.00 EXCAVATION/FILL 

33030302 C1 1250.00 LF 13900 13900 CN 6.67 0.00 0.00 TRENCHING 

33030302 C1 1250.00 LF 13900 13900 CN 0.00 0.00 3.41 INSTALL TUBING 

33030302 C1 340.00 SF 13900 13900 CN 2.31 0.00 0.00 REMOVE PAVEMENT 

33030302 C1 1360.00 LF 13900 13900 CN 2.05 0.00 0.00 CUT PAVEMENT 

33030302 C2 340.00 SF 13900 13900 CN 5.78 0.00 0.00 PAVEMENT REPAIR 

33030302 SYSDC 0.00 0.00 0.00 0.00 EXCAVATION AND FILL 

3306 AAAAAA 1.00 EA 0.00 0.00 0.00 GROUNDIJATER COLLECTION A ND CONTROL 

330601 AAAAAA 1.00 EA 0.00 0.00 0.00 EXTRACTION AND INJECTION IJELLS 

33060102 AAAAAA 1.00 LF 0.00 0.00 0.00 OXYGEN DOSING IJELLS 

33060102 C1 1.00 EA 13900 13900 IJD 0.00 0.00 1250.00 MOBILIZATION AND CREIJ PER DIEM 

33060102 C3 30.00 EA 13900 13900 IJD 40.00 0.00 0.00 IJELL DEVELOPMENT 

33060102 C3 30.00 EA 13900 13900 IJD 410.00 0.00 0.00 4" PVC DOSING IJELLS IJ/ 10' OF SCREE 
N AND FLU SH COVERS 

33060102 SYSDC 0.00 0.00 0.00 0.00 OXYGEN DOSING IJELLS 

330602 AAAAAA 1.00 EA 0.00 0.00 0.00 STORM SEIJER REHABILITATI ON 

33060208 AAAAAA 1.00 SY 0.00 0.00 0.00 SYNTHETIC LINER 

33060208 C1 250.00 LF 13900 13900 GIJ 63.00 10.00 0.00 SYNTHETIC PIPE LINER 

33060208 C2 1.00 LS 13900 13900 CN 0.00 0.00 2500.00 EXCAVATION FOR LINER INS ERTION 

33060208 C3 1.00 LS 13900 13900 CN 0.00 0.00 5000.00 PIPE CLEANING AND INSPEC TION 

33060208 SYSDC 0.00 0.00 0.00 0.00 SYNTHETIC PIPE LINER 

330607 AAAAAA 1.00 LSL 0.00 0.00 0.00 OXYGEN NUTRIENT DISTRIBU TION SYSTEM 

33060702 AAAAAA 1.00 EA 0.00 0.00 0.00 CONTROL VALVES & METERS 

33060702 C1 1.00 EA 13900 13900 PI 0.00 0.00 300.00 REDUCED PRESSURE BACKFLO IJ PREVENTER 

33060702 C2 4.00 EA 13900 13900 PI 15.00 10.95 0.00 GATE VALVES 

33060702 C3 3.00 EA 13900 13900 PI 0.00 0.00 32.90 FLOIJ METERS 

33060702 C4 1.00 EA 13900 13900 PI 0.00 0.00 34.90 PREASURE GAUGE 



COST ENGINEERING SYSTEM 

** END ITEMS ** 
WBS ITEM 
33060702 C5 

33060702 C6 

33060702 C7 

33060702 SYSDC 

33060703 AAAAAA 

33060703 C1 

33060703 C4 

33060703 C7 

33060703 SYSDC 

33060705 AAAAAA 

33060705 C1 

33060705 SYSDC 

3311 AAAAAA 

331104 AAAAAA 

33110402 C1 

33110402 C1 

33110402 SYSDC 

3318 AAAAAA 

331802 AAAAAA 

33180201 AAAAAA 

33180201 C1 

33180201 C2 

33180201 SYSDC 

331803 AAAAAA 

33180301 AAAAAA 

33180301 C1 

QTY UM 
2.00 EA 

2.00 EA 

1.00 EA 

0.00 

1.00 LF 

150.00 LF 

9.00 EA 

1.00 RL 

0.00 

1.00 EA 

2.00 EA 

0.00 

1.00 EA 

1.00 CY 

2500.00 KG 

30.00 DR 

0.00 

1.00 LS 

1.00 EA 

1.00 LS 

2.00 EA 

2.00 EA 

0.00 

1.00 CY 

1.00 CY 

1.00 LS 

LI ST I NG OF 

R SPEC SSPEC GRP 
13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 PI 

13900 13900 TM 

13900 13900 TM 

13900 13900 0 I 

13900 13900 0 I 

13900 13900 0 I 

ESTIMATE INPUT FOR MAYADPIR 

MATL 
0.00 

0.00 

0.00 

0.00 

0.00 

3.75 

1.90 

120.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

6.00 

225.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

LABR 
0.00 

0.00 

0.00 

0.00 

0.00 

5.65 

15.65 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

10.00 

0.00 

0.00 

0.00 

0.00 

DATE: 12/13/93 PAGE: 

EQP DESC 
10.00 SAMPLING PORTS 

198.00 WATER JET EDUCTORS 

250.00 SCREEN FILTER 

0.00 VALVES 

0.00 PIPING 

0.00 PVC PIPE SCH 80 1.5 INCH DIAMETER 

0.00 PVC 90 DEGREE SCH 80 ELB OW JOINT 

0.00 OXYGEN/NUTRIENT DISTRIBU TION TUBING 
1 ROLL @ 6000 FEET 

0.00 PIPING 

0.00 HOLDING TANK 

65.00 55 GALLON DRUM PRODUCT COLLECTION TANK 
ASSEMBLY 

0.00 HOLDING TANK 

0.00 BIOLOGICAL TREATMENT 

0.00 IN-SITU BIODEGRADATION/N UTRIENT ADDITIO 
N 

0.00 INSITU BIODEGRADATION WI TH MAGNESIUM PE 
ROXIDE PO WDER 

0.00 IN SITU BIODEGRADATION W/ HYDROGEN PER 
OXIDE SOLUTION 

0.00 INSITU BIODEGRADATION WI TH DISOLVED HYD 
ROGEN PER OXIDE 

0.00 WASTE DISPOSAL 

0.00 WASTE CONTAINER HANDLING 

0.00 HANDLING OF FILLED CONTA INERS 

65.00 DRUM REPLACEMENT COSTS 

0.00 DRUM LOADING 

0.00 CONTAINER HANDLING 

0.00 TRANSPORTATION TO DISPOS AL FACILITY 

0.00 LOADING/HAULING/UNLOADIN G OF WASTE MATE 
RIALS 

1.00 TRANSPORTATION OF WASTE DISPOSAL SITE 

5 



COST ENGINEERING SYSTEM LISTING OF ESTIMATE INPUT FOR MAYADPIR DATE: 12/13/93 PAGE: 6 

** END ITEMS ** 
IIBS ITEM QTY UM R SPEC SSPEC GRP MATL LABR EQP DESC 
33180301 SYSDC 0.00 0.00 0.00 0.00 HAULI NG IIASTE 

331809 AAAAAA 1.00 EA 0.00 0.00 0.00 DISPOSAL FEES AND TAXES 

33180902 AAAAAA 1.00 TON 0.00 0.00 0.00 INCINERATOR 

33180902 C1 75.00 TON 13900 13900 D I 55.00 0.00 0.00 RECOVERY IIELL AND NUTRIE NT INJECTION liE 
LL IDII DI SPOSAL 

33180902 C2 1.00 LS 13900 13900 DI 1.00 0.00 0.00 GROUNDIIATER/FREE PRODUCT RECOVERY DISPO 
SAL 

33180902 SYSDC 0.00 0.00 0.00 0.00 DISPOSAL FEES 

GRP AAAAAA 0.00 CN 0.00 0.00 0.00 CONSTRUCTION AND SITE 110 RK 

GRP AAAAAA 0.00 DI 0.00 0.00 0.00 IIASTE DISPOSAL 

GRP AAAAAA 0.00 Gil 0.00 0.00 0.00 GROUNDIIATER CONTROL 

GRP AAAAAA 0.00 MP 0.00 0.00 0.00 MOBILIZATION 

GRP AAAAAA 0.00 OM 0.00 0.00 0.00 OPERATION AND MAINTENANC E 

GRP AAAAAA 0.00 PI 0.00 0.00 0.00 FLOII CONTROL, MEASUREMEN T, AND PIPING 

GRP AAAAAA 0.00 SA 0.00 0.00 0.00 START UP SAMPLING AND ANALYSIS 

GRP AAAAAA 0.00 TM 0.00 0.00 0.00 TREATMENT MATERIALS 

GRP AAAAAA 0.00 liD 0.00 0.00 0.00 IIELL DRILLING 



SUMMARY REPORT 
WORK BREAKDOWN 
PRELIMI NARY 

ENGINEERING ESTIMATE 

PROJECT: MAYPORT ALPHA DELTA PIER 
LOCATION: MAYPORT, FLORIDA 
ESTIMATORS: BLAKE G. SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 1,000,000.00 

COST/ WBS 
BASED ON WBS 

1.00 UNITS U/M 

PRIMARY FACILITIES 
0805 DOMESTIC WATER EQUIPMENT 1,002.79 1.00 EA 

SUBTOTAL PRIMARY FACILITIES 1,002.79 

ENVIRONMENTAL 
3301 MOBILIZATION AND PREPARA 

01 MOBILIZATION OF CONSTRUC 1.00 LS 
02 MOBILIZATION OF PERSONNE 1.00 EA 
03 PRECONSTRUCT ION SUBMITTA 1.00 LS 
04 SETUP/CONSTRUCT TEMPORAR 1.00 LS 

3302 MONITORING, SAMPLING, TE 
05 STARTUP SAMPLING 1.00 EA 
90 YEAR 1 O&M 1.00 YR 
91 SUBSEQUENT YEAR O&M 1.00 YR 

3303 SITE WORK 
03 EARTHWORK 1.00 CY 

3306 GROUNDWATER COLLECTION A 
01 EXTRACTION AND INJECTION 1.00 EA 
02 STORM SEWER REHABILITATI 1.00 EA 
07 OXYGEN NUTRIENT DISTRIBU 1.00 LSL 

3311 BIOLOGICAL TREATMENT 
04 IN-SITU BIODEGRADATION/N 1.00 CY 

3318 WASTE DISPOSAL 
02 WASTE CONTAINER HANDLING 1.00 EA 
03 TRANSPORTATION TO DISPOS 1.00 CY 
09 DISPOSAL FEES AND TAXES 1.00 EA 
SUBTOTAL ENVIRONMENTAL 

TOTAL ESTIMATE CONTRACT 
TOTAL ESTIMATE CONTRACT (ROUNDED) 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

CAT CODE: 
UIC: N2 
P-NO. : 
DATE OF ESTIMATE: 12/13/93 
BID DATE: / / 

TOTAL TOTAL 
COST/WBS MU MATL MU LABOR 

UNIT COST COST 

1,002.79 585 270 
585 270 

3,986.50 3,417 0 
16,462.60 0 14,868 
3,030.65 1,709 354 

19,818.60 0 0 

15,304.88 13,924 1,381 
134,012.26 101,303 32,710 
87,520.91 63,095 24,426 

20,659.87 15,805 0 

16,800.25 15,377 0 
30,906.75 17,939 4,425 
4,092.60 865 1,827 

24,773.25 24,773 0 

183.47 0 35 
1.14 0 0 

4,699.51 4,700 0 
262,906 80,026 

263,491 80,296 

12/13/93 14 
01/21/92 02 

MAYADPIR 

TOTAL 
MU EQUIP 

COST 

147 
147 

570 
1,595 

968 
19,819 

0 
0 
0 

4,855 

1,424 
8,543 
1,401 

0 

148 
1 
0 

39,322 

39,469 

TOTAL 
CONTRACT 

COST 

1,003 
1,003 

3,987 
16,463 
3,031 

19,819 

15,305 
134,012 
87,521 

20,660 

16,800 
30,907 
4,093 

24,773 

183 
1 

4,700 
382,253 

383,256 
383,000 



INPUT REPORT 
MARK-UP 
PRELIMINARY 

ENGINEERING ESTIMATE 

PROJECT: MAYPORT ALPHA DELTA PIER 
LOCATION: MAYPORT, FLORIDA 
ESTIMATORS: BLAKE G. SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 1,000,000.00 

PRIME MARK-UP 

DESIGN CONTINGENCIES 0.00% 
TAX ON MATERIAL 0.0% 
TAX & INSURANCE ON LABOR 35.5% 
TAX ON EQUIPMENT 0.0% 
PRIME OVERHEAD MAT'L LABOR EQUIP 

2% 17"1. 2% 

PR I ME PROF IT MAT'L LABOR EQUIP 
10% 10% 10% 

BOND 1.50% 
MISC. TAXES 0.0% 
CQC 0.00% 
ESCALATION 0.0% 
PCAS 0.00% 
CONT 0.00% 
SIOH 0.00% 
MATERIAL COMPOSITE MARK-UP 1.139 
LABOR COMPOSITE MARK-UP 1.770 
EQUIPMENT COMPOSITE MARK-UP 1.139 

SUB MARK-UP A 
DESIGN CONTINGENCIES 
TAX ON MATERIAL 

0.00% 
0.0% 

TAX & INSURANCE ON LABOR 35.5% 
TAX ON EQUIPMENT 0.0% 
SUB OVERHEAD MAT'L LABOR EQUIP 

2% 17"1. 2% 

SUB PROFIT MAT'L LABOR EQUIP 
10% 10% 10% 

PRIME OVERHEAD MAT'L LABOR EQUIP 
5% 5% 5% 

PR I ME PROF IT MAT'L LABOR EQUIP 
5% 5% 5% 

BOND 1.50% 
MISC. TAXES 0.0% 
CQC 0.00% 
ESCALATION 0.0% 
PCAS 0.00% 
CONT 0.00% 
SIOH 0.00% 
MATERIAL COMPOSITE MARK-UP 1.256 
LABOR COMPOSITE MARK-UP 1.951 
EQUIPMENT COMPOSITE MARK-UP 1.256 

SPECIFICATION SECTIONS 
MARKED UP FOR PRIME 

XXXXX 

SPECIFICATION SECTIONS 
MARKED UP FOR SUB 
XXXXX 

CAT CODE: 
UIC: N2 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 12/13/93 
BID DATE: / / 

12/13/93 14 
01/21/92 02 

MAYADPIR 



INPUT REPORT 
MODIFIER 
PRELIMI NARY 

SPEC ACT 

ENGINEERING ESTIMATE 

PROJECT: MAYPORT ALPHA DELTA PIER 
lOCATION: MAYPORT, FLORIDA 
ESTIMATORS: BLAKE G. SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 1,000,000.00 

WBS MATl lABOR EQUIP 

CAT CODE: 
UIC: N2 
P-NO. : 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

DATE OF ESTIMATE: 12/13/93 
BID DATE: / / 

12/13/93 14 
01/21/92 02 

MAYADPIR 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 
PRELIMINARY 

ENGINEERING ESTIMATE 

PROJECT: MAYPORT ALPHA DELTA PIER 
LOCATION: MAYPORT, FLORIDA 
ESTIMATORS: BLAKE G. SVENDSEN 
PROJECT SIZE: 1.00 EA 
AUTHORIZED CONSTRUCTION FUNDS: 

GRP 
QUAN U/M 

08050101 PLUMBING 
PLUMBING EQUIPMENT 

DOMESTIC WATER EQUIPMENT 

1,000,000.00 

MUP/ 
EXT 

DOMESTIC WATER SUPPLY CONNECTION 

SYSDC DOMESTIC WATER EQUIPMENT 

02713 EXTERIOR WATER DISTRIBUTION SYSTEM 

02715 EXTERIOR CONDENSATE RETURN SYSTEM 
DJGLO 6 INCH TAPPING SADDLE 30.89* 

TAP SIZE TO 2 INCH 1.00 EA 31 
DJGLU 334.91* 

6X4 TAPPING SLEEVE 1.00 EA 335 
DJGMYJ 219.55* 

4 INCH TAPPING VALVE MJ 1.00 EA 220 
DJGMYO 0.00* 

TAP 4 INCH HOLE IN PIPE 1.00 EA 0 
SUBTOTAL-SUBSPEC SECTION 02715 585 

TOTAL FOR SPEC SECTION 02713 585 
SUBTOTAL-WORK BREAKDOWN 08050101 585 

TOTAL FOR WORK BREAKDOWN 08050101 585 
COST/WBS UNIT 08050101 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

12/13/93 14 
01/21/92 02 

MAYADPIR 

CAT CODE: 
UIC: N2 
P-NO. : 
DATE OF ESTIMATE: 12/13/93 
BID DATE: / / 

LUP/ 
EXT 

36.66 
37 

54.30 
54 

97.74 
98 

81.44 
81 

270 

270 
270 

270 

EUP/ 
EXT 

13.26 
13 

19.65 
20 

35.37 
35 

79.02 
79 

147 

147 
147 

147 

TOTAL 

80.80 
81 

408.86 
409 

352.66 
353 

160.46 
160 

1 ,003 

1,003 
1,003 

1,003 
1,002.79 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

20020201 SITE ELECTRICAL UTILITIES 
EXTERIOR ELECTRICAL DISTRIBUTION 

SWITCHES, CONTROLS, & DEVICES 
ELECTRICAL DISTRIBUTION 

SYSDC ELECTRICAL DISTRIBUTION 

01000 GENERAL REQUIREMENTS 

01000 GENERAL REQUIREMENTS 
C2 SINGLE PHASE 200 A POWER 

CONNECTION 1.00 EA 
205.02* 

205 
0.00* 

o 
0.00* 

o 
205.02 

205 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

SUBTOTAL-SUBSPEC SECTION 01000 

TOTAL FOR SPEC SECTION 01000 
SUBTOTAL-WORK BREAKDOWN 20020201 

TOTAL FOR WORK BREAKDOWN 20020201 
COST /WBS UN IT 20020201 

MUP/ 
EXT 

205 

205 
205 

205 

LUP/ 
EXT 

o 

o 
o 

o 

EUP/ 
EXT 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 2 

o 

o 
o 

o 

TOTAL 

205 

205 
205 

205 
205.02 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33010107 HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

MOBILIZATION OF CONSTRUCTION EQP AND FACILITIES 
CONSTRUCTION EQUIPMENT 0 WNERSHIP/OPERATION 

SYSDC CONSTRUCTION EQUIPMENT OPERATION 

01025 SHIPPING 

01025 SHIPPING 
C1 MOBOLIZATION OF SUBCONTR 0.00* 

ACTOR 1.00 EA 0 
C2 PER DIEM FOR SUBCONTRACT 170.85* 

OR (3 MAN CREW) 20.00 DAY 3,417 
SUBTOTAL-SUBSPEC SECTION 01025 3,417 

TOTAL FOR SPEC SECTION 01025 3,417 
SUBTOTAL-WORK BREAKDOWN 33010107 3,417 

TOTAL FOR WORK BREAKDOWN 33010107 3,417 
COST/WBS UNIT 33010107 

0.00* 
o 

0.00* 
o 
o 

o 
o 

o 

569.50* 
570 

0.00* 
0 

570 

570 
570 

570 

569.50 
570 

170.85 
3,417 
3,987 

3,987 
3,987 

3,987 
3,986.50 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33010201 HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

MOBILIZATION OF PERSONNEL 
CONSTRUCTION MONITORING 

SYSDC SETUP OF SUPERVISORY STRUCTURE 

01000 GENERAL REQUIREMENTS 

01000 GENERAL REQUIREMENTS 
ABB1 CONSTRUCTION INSTALLATIO 

N SUPERVISION 280.00 HR 
SUBTOTAL-SUBSPEC SECTION 01000 

TOTAL FOR SPEC SECTION 01000 
SUBTOTAL-WORK BREAKDOWN 33010201 

0.00* 53.10* 5.70* 58.80 
0 14,868 1,595 16,463 
0 14,868 1,595 16,463 

0 14,868 1,595 16,463 
0 14,868 1,595 16,463 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

TOTAL FOR WORK BREAKDOWN 33010201 
COST/WBS UNIT 33010201 

MUP/ 
EXT 

o 

LUP/ 
EXT 

14,868 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 3 

EUP/ 
EXT TOTAL 

1,595 16,463 
16,462.60 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33010305 

SYSDC 

HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

PERMITS 

PRECONSTRUCT ION SUBMITTALS/IMPLEMENTATION PLANS 
PERMITS 

01000 GENERAL REQUIREMENTS 

01000 GENERAL REQUIREMENTS 
ABB1 0.00* 

CONSTRUCTION PERMITS 1.00 EA 0 
C2 WASTE DISPOSAL AND HAULI 1,708.50* 

NG PERMIT 1.00 EA 1.709 
SUBTOTAL-SUBSPEC SECTION 01000 1 ,709 

TOTAL FOR SPEC SECTION 01000 1,709 
SUBTOTAL-WORK BREAKDOWN 33010305 1,709 

TOTAL FOR WORK BREAKDOWN 33010305 1,709 
COST/WBS UNIT 33010305 

0.00* 
o 

0.00* 
o 
o 

o 
o 

o 

968.15* 
968 

0.00* 
0 

968 

968 
968 

968 

968.15 
968 

1,708.50 
1,709 
2,677 

2,677 
2,677 

2,677 
2,676.65 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33010327 HTRW REMEDIAL ACTION 

SYSDC 

MOBILIZATION AND PREPARATORY WORK 
PRECONSTRUCT ION SUBMITTALS/IMPLEMENTATION PLANS 

CONSTRUCTION SCHEDULING (CPM) 

CONSTRUCTION SCHEDULING (CPM) 

01000 GENERAL REQUIREMENTS 

01000 GENERAL REQUIREMENTS 
ABB1 CONSTRUCTION SCHEDULING 0.00* 

(CPM) 1.00 LS 0 
SUBTOTAL-SUBSPEC SECTION 01000 0 

TOTAL FOR SPEC SECTION 01000 0 
SUBTOTAL-WORK BREAKDOWN 33010327 0 

TOTAL FOR WORK BREAKDOWN 33010327 0 
COST/WBS UNIT 33010327 

354.00* 0.00* 354.00 
354 0 354 
354 0 354 

354 0 354 
354 0 354 

354 0 354 
354.00 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

33010428 HTRW REMEDIAL ACTION 
MOBILIZATION AND PREPARATORY WORK 

SETUP/CONSTRUCT TEMPORARY FACILITIES 
TEMPORARY STRUCTURES 

SYSDC TEMPORARY STRUCTURES 

01000 GENERAL REQUIREMENTS 

01000 GENERAL REQUIREMENTS 
C2 

SIGNS 1.00 EA 
SUBTOTAL-SUBSPEC SECTION 01000 

TOTAL FOR SPEC SECTION 01000 
13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C2 HAZARDOUS MATERIALS STOR 

AGE SHED W/ LIGHTS, VENT CN 
I LAT ION, & SUMP LINER 1.00 EA 

SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33010428 

TOTAL FOR WORK BREAKDOWN 33010428 
COST/WBS UNIT 33010428 

MUP/ 
EXT 

0.00* 
o 
o 

o 

0.00* 
0 
0 

0 
0 

0 

LUP/ 
EXT 

0.00* 
o 
o 

o 

0.00* 
0 
0 

0 
0 

0 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 

EUP/ 
EXT 

170.85* 
171 
171 

171 

19,647.75* 
19,648 
19,648 

19,648 
19,819 

19,819 

TOTAL 

170.85 
171 
171 

171 

19,647.75 
19,648 
19,648 

19,648 
19,819 

19,819 
19,818.60 

4 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33020501 HTRW REMEDIAL ACTION 
MONITORING, SAMPLING, TESTING, AND ANALYSIS 

SAMPLING SURFACE WATER/GROUND WATER/LIQUID WASTE 
SURFACE WATER 

SYSDC SURFACE WATER 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
ABB1 UP STREAM AND DOWN STREA 

M SAMPLES FROM STORM SEW SA 
ER 6.00 EA 

SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33020501 

848.56* 
5,091 
5,091 

5,091 
5,091 

88.50* 
531 
531 

531 
531 

0.00* 937.06 
0 5,622 
0 5,622 

0 5,622 
0 5,622 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

TOTAL FOR WORK BREAKDOWN 33020501 
COST/WBS UNIT 33020501 

MUP/ 
EXT 

5,091 

LUP/ 
EXT 

531 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 5 

EUP/ 
EXT TOTAL 

0 5,622 
5,622.33 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33020502 HTRW REMEDIAL ACTION 
MONITORING, SAMPLING, TESTING, AND ANALYSIS 

SAMPLING SURFACE WATER/GROUND WATER/LIQUID WASTE 
GROUND WATER 

SYSDC GROUND WATER 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
ABB1 GROUND WATER SAMPLING AN 848.56* 

D ANALYSIS 9.00 EA 7,637 
ABB1A MICROBIOLOGICAL SAMPLING 170.85* 

AND ANALYSIS 7.00 EA 1,196 
SUBTOTAL-SUBSPEC SECTION 13900 8,833 

TOTAL FOR SPEC SECTION 13900 8,833 
SUBTOTAL-WORK BREAKDOWN 33020502 8,833 

TOTAL FOR WORK BREAKDOWN 33020502 8,833 
COST/WBS UNIT 33020502 

53.10* 0.00* 901.66 
478 0 8,115 

53.10* 0.00* 223.95 
372 0 1,568 
850 0 9,683 

850 0 9,683 
850 0 9,683 

850 0 9,683 
9,682.55 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33029001 HTRW REMEDIAL ACTION 
MONITORING, SAMPLING, TESTING, AND ANALYSIS 

SYSDC YEAR 1 O&M 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
ABB1 SITE VISITS AND INSPECTI 56.95* 424.80* 0.00* 481.75 

ONS 15.00 EA 854 6,372 0 7,226 
ABB2 CONTAMINATION MONITORING 848.56* 53.10* 0.00* 901.66 

SAMPLING AND ANALYSIS 68.00 EA 57,702 3,611 0 61,313 
ABB2A MICROBIOLOGY MONITORING 170.85* 53.10* 0.00* 223.95 

SAMPLING AND ANALYSIS 77.00 EA 13,155 4,089 0 17,244 
ABB2B NUTRIENT MONITORING SAMP 119.60* 53.10* 0.00* 172.70 

LING AND ANALYSIS 105.00 EA 12,557 5,576 0 18,133 
ABB2C 0.00* 17.70* 0.00* 17.70 

DOSING WELL MONITORING 450.00 EA 0 7,965 0 7,965 
ABB3 56.95* 0.00* 0.00* 56.95 

POWER COSTS 12.00 MO 683 0 0 683 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

33029001 HTRW REMEDIAL ACTION 

GRP 
QUAN U/M 

MUP/ 
EXT 

MONITORING, SAMPLING, TESTING, AND ANALYSIS 

ABB4 WATER COST @ $1.30 PER 44.42* 
1000 GALLONS 365.00 DAY 16,214 

ABB6 11.39* 
MONTHLY REPORTS 12.00 EA 137 

SUBTOTAL-SUBSPEC SECTION 13900 101,303 

TOTAL FOR SPEC SECTION 13900 101,303 
SUBTOTAL-WORK BREAKDOWN 33029001 101,303 

TOTAL FOR WORK BREAKDOWN 33029001 101,303 
COST /WBS UN IT 33029001 

LUP/ 
EXT 

0.00* 
0 

424.80* 
5,098 

32,710 

32,710 
32,710 

32,710 

EUP/ 
EXT 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 6 

TOTAL 

0.00* 44.42 
0 16,214 

0.00* 436.19 
0 5,234 
0 134,012 

0 134,012 
0 134,012 

0 134,012 
134,012.26 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33029102 HTRW REMEDIAL ACTION 
MONITORING, SAMPLING, TESTING, AND ANALYSIS 

SYSDC SUBSEQUENT YEAR 0 & M 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
ABB1 SITE VISITS AND INSPECTI 56.95* 424.80* 0.00* 481.75 

ONS 12.00 EA 683 5,098 0 5,781 
ABB2 CONTAMINATION MONITORING 848.56* 53.10* 0.00* 901.66 

SAMPLING AND ANALYSIS 36.00 EA 30,548 1,912 0 32,460 
ABB2A MICROBIOLOGY MONITORING 170.85* 53.10* 0.00* 223.95 

SAMPLING AND ANALYSIS 28.00 EA 4,784 1,487 0 6,271 
ABB2B NUTRIENT MONITORING SAMP 119.60* 53.10* 0.00* 172.70 

LING AND ANALYSIS 84.00 EA 10,046 4,460 0 14,506 
ABB2C 0.00* 17.70* 0.00* 17.70 

DOSING WELL MONITORING 360.00 EA 0 6,372 0 6,372 
ABB3 56.95* 0.00* 0.00* 56.95 

POWER COSTS 12.00 MO 683 0 0 683 
ABB4 WATER COST @ $1.30 PER 44.42* 0.00* 0.00* 44.42 

1000 GALLONS 365.00 DAY 16,214 0 0 16,214 
ABB5 11.39* 424.80* 0.00* 436.19 

MONTHLY REPORTS 12.00 EA 137 5,098 0 5,234 
SUBTOTAL-SUBSPEC SECTION 13900 63,095 24,426 0 87,521 

TOTAL FOR SPEC SECTION 13900 63,095 24,426 0 87,521 
SUBTOTAL-WORK BREAKDOWN 33029102 63,095 24,426 0 87,521 

TOTAL FOR WORK BREAKDOWN 33029102 63,095 24,426 0 87,521 
COST/WBS UNIT 33029102 87,520.91 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



BACKUP REPORT 
YORK BREAKDOYN-SPEC 

GRP 
QUAN U/M 

33030302 HTRY REMEDIAL ACTION 
SITE YORK 

EARTHYORK 
EXCAVATION/F I LL 

SYSDC EXCAVATION AND FILL 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 

C1 

C1 

C1 

C2 

TRENCHING 1,250.00 

INSTALL TUBING 1,250.00 

REMOVE PAVEMENT 340.00 

CUT PAVEMENT 1,360.00 

PAVEMENT REPAIR 340.00 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-YORK BREAKDOYN 33030302 

TOTAL FOR YORK BREAKDOYN 33030302 
COST /YBS UN IT 33030302 

LF 

LF 

SF 

LF 

SF 

MUP/ 
EXT 

7.60* 
9,496 

0.00* 
0 

2.63* 
895 

2.33* 
3,176 
6.58* 

2,238 
15,805 

15,805 
15,805 

15,805 

LUP/ 
EXT 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 
0 

0 
0 

0 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
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EUP/ 
EXT 

0.00* 
0 

3.88* 
4,855 
0.00* 

0 
0.00* 

0 
0.00* 

0 
4,855 

4,855 
4,855 

4,855 

TOTAL 

7.60 
9,496 
3.88 

4,855 
2.63 
895 

2.33 
3,176 

6.58 
2,238 

20,660 

20,660 
20,660 

20,660 
20,659.87 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33060102 HTRY REMEDIAL ACTION 
GROUNDYATER COLLECTION AND CONTROL 

EXTRACTION AND INJECTION YELLS 
OXYGEN DOSING YELLS 

SYSDC OXYGEN DOSING YELLS 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 MOBILIZATION AND CREY 

PER DIEM 1.00 EA 
C3 

YELL DEVELOPMENT 
C3 4" PVC DOSING YELLS 

Y/ 10' OF SCREEN AND FLU 
SH COVERS 

30.00 EA 

YO 
30.00 EA 

0.00* 
0 

45.56* 
1,367 

466.99* 
14,010 

0.00* 1,423.75* 1,423.75 
0 1,424 1,424 

0.00* 0.00* 45.56 
0 0 1,367 

0.00* 0.00* 466.99 
0 0 14,010 



BACKUP REPORT PRINTING DATE: 12/13/93 14 
WORK BREAKDOWN-SPEC DATABASE DATE: 01/21/92 02 

PAGE NUMBER 8 

GRP MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

SUBTOTAL-SUBSPEC SECTION 13900 15,377 0 1 ,424 16,800 

TOTAL FOR SPEC SECTION 13900 15,377 0 1,424 16,800 
SUBTOTAL-WORK BREAKDOWN 33060102 15,377 0 1,424 16,800 

TOTAL FOR WORK BREAKDOWN 33060102 15,377 0 1,424 16,800 
COST /WBS UN IT 33060102 16,800.25 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33060208 HTRW REMEDIAL ACTION 
GROUNDWATER COLLECTION AND CONTROL 

SUBSURFACE DRAINAGE/COLLECTION 
SYNTHETIC LINER 

SYSDC SYNTHETIC PIPE LINER 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 

SYNTHETIC PIPE LINER 250.00 
C2 EXCAVATION FOR LINER INS 

ERTION 1.00 
C3 PIPE CLEANING AND INSPEC 

TION 1.00 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33060208 

TOTAL FOR WORK BREAKDOWN 33060208 
COST/WBS UNIT 33060208 

LF 

LS 

LS 

71.76* 
17,939 

0.00* 
o 

0.00* 
o 

17,939 

17,939 
17,939 

17,939 

17.70* 
4,425 

0.00* 
0 

0.00* 
0 

4,425 

4,425 
4,425 

4,425 

0.00* 89.46 
0 22,364 

2,847.50* 2,847.50 
2,848 2,848 

5,695.00* 5,695.00 
5,695 5,695 
8,543 30,907 

8,543 30,907 
8,543 30,907 

8,543 30,907 
30,906.75 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33060702 HTRW REMEDIAL ACTION 
GROUNDWATER COLLECTION AND CONTROL 

PUMPING/COLLECTION 
CONTROL VALVES & METERS 

SYSDC VALVES 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 REDUCED PRESSURE BACKFLO 

W PREVENTER 1.00 EA 
0.00* 

o 
0.00* 

o 
341.70* 

342 
341. 70 

342 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

33060702 HTRW REMEDIAL ACTION 

C2 

C3 

C4 

C5 

C6 

C7 

GROUNDWATER COLLECTION AND CONTROL 
PUMPING/COLLECTION 

CONTROL VALVES & METERS 

GATE VALVES 

FLOW METERS 

PREASURE GAUGE 

SAMPLING PORTS 

WATER JET EDUCTORS 

SCREEN FILTER 
SUBTOTAL-SUBSPEC SECTION 13900 

4.00 EA 

3.00 EA 

1.00 EA 

2.00 EA 

2.00 EA 

1.00 EA 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33060702 

TOTAL FOR WORK BREAKDOWN 33060702 
COST/WBS UNIT 33060702 

MUP/ 
EXT 

17.09* 
68 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 

68 

68 
68 

68 

LUP/ 
EXT 

19.38* 
78 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 

0.00* 
0 

78 

78 
78 

78 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER: 9 

EUP/ 
EXT 

0.00* 
0 

37.47* 
112 

39.75* 
40 

11.39* 
23 

225.52* 
451 

284.75* 
285 

1 ,252 

1,252 
1,252 

1,252 

TOTAL 

36.47 
146 

37.47 
112 

39.75 
40 

11.39 
23 

225.52 
451 

284.75 
285 

1 ,398 

1,398 
1,398 

1,398 
1,398.31 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33060703 HTRW REMEDIAL ACTION 
GROUNDWATER COLLECTION AND CONTROL 

PUMPING/COLLECTION 
PIPING 

SYSDC PIPING 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 PVC PIPE SCH 80 1.5 INCH 

DIAMETER 150.00 LF 
C4 PVC 90 DEGREE SCH 80 ELB 

OW JOINT 9.00 EA 
C7 OXYGEN/NUTRIENT DISTRIBU 

TION TUBING PI 
1 ROLL @ 6000 FEET 1.00 RL 

SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33060703 

4.27* 
641 

2.16* 
19 

136.68* 
137 
797 

797 
797 

10.00* 
1,500 
27.70* 

249 

0.00* 
o 

1,749 

1,749 
1,749 

0.00* 14.27 
0 2,141 

0.00* 29.86 
0 269 

0.00* 136.68 
0 137 
0 2,546 

0 2,546 
0 2,546 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

TOTAL FOR WORK BREAKDOWN 33060703 
COST/WBS UNIT 33060703 

MUP/ 
EXT 

797 

LUP/ 
EXT 

1,749 

EUP/ 
EXT 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
PAGE NUMBER 10 

o 

TOTAL 

2,546 
2,546.22 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33060705 HTRW REMEDIAL ACTION 
GROUNDWATER COLLECTION AND CONTROL 

PUMPING/COLLECTION 
HOLDING TANK 

SYSDC HOLDING TANK 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 55 GALLON DRUM PRODUCT C 

OLLECTION TANK ASSEMBLY 2.00 EA 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33060705 

TOTAL FOR WORK BREAKDOWN 33060705 
COST/WBS UNIT 33060705 

0.00* 
o 
o 

o 
o 

o 

0.00* 74.04* 74.04 
0 148 148 
0 148 148 

0 148 148 
0 148 148 

0 148 148 
148.07 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33110402 HTRW REMEDIAL ACTION 
BIOLOGICAL TREATMENT 

IN-SITU BIODEGRADATION/BIORECLAMATION 
INSITU BIODEGRADATION WI TH DISOLVED HYDROGEN PER OXIDE 

SYSDC INSITU BIODEGRADATION WITH DISOLVED HYDROGEN PEROXIDE 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 INSITU BIODEGRADATION WI 

TH MAGNESIUM PEROXIDE PO TM 6.83* 0.00* 
WDER 2,500.00 KG 17,085 0 

C1 IN SITU BIODEGRADATION 
W/ HYDROGEN PEROXIDE TM 256.28* 0.00* 
SOLUTION 30.00 DR 7,688 0 

SUBTOTAL-SUBSPEC SECTION 13900 24.173 0 

TOTAL FOR SPEC SECTION 13900 24,773 0 
SUBTOTAL-WORK BREAKDOWN 33110402 24,773 0 

0.00* 6.83 
0 17,085 

0.00* 256.28 
0 7,688 
0 24,773 

0 24,773 
0 24,773 



BACKUP REPORT 
WORK BREAKDOWN-SPEC 

GRP 
QUAN U/M 

TOTAL FOR WORK BREAKDOWN 33110402 
COST /WBS UN IT 33110402 

MUP/ 
EXT 

24,773 

LUP/ 
EXT 

EUP/ 
EXT 

o 

PRINTING DATE: 12/13/93 14 
DATABASE DATE: 01/21/92 02 
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TOTAL 

0 24,773 
24,773.25 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33180201 HTRW REMEDIAL ACTION 
DISPOSAL (OTHER THAN COMMERCIAL) 

CONTAINER HANDLING 
HANDLING OF FILLED CONTA INERS 

SYSDC CONTAINER HANDLING 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 

C2 
DRUM REPLACEMENT COSTS 2.00 EA 

DRUM LOADING 2.00 EA 
SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-WORK BREAKDOWN 33180201 

TOTAL FOR WORK BREAKDOWN 33180201 
COST/WBS UNIT 33180201 

0.00* 
o 

0.00* 
o 
o 

o 
o 

o 

0.00* 74.04* 74.04 
0 148 148 

17.70* 0.00* 17.70 
35 0 35 
35 148 183 

35 148 183 
35 148 183 

35 148 183 
183.47 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

33180301 HTRW REMEDIAL ACTION 
DISPOSAL (OTHER THAN COMMERCIAL) 

TRANSPORTATION TO STORAGE/DISPOSAL FACILITY 
LOADING/HAULING/UNLOADIN G OF WASTE MATERIALS 

SYSDC HAULING WASTE 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 TRANSPORTATION OF WASTE 0.00* 

DISPOSAL SITE 1.00 LS 0 
SUBTOTAL-SUBSPEC SECTION 13900 0 

TOTAL FOR SPEC SECTION 13900 0 
SUBTOTAL-WORK BREAKDOWN 33180301 0 

TOTAL FOR WORK BREAKDOWN 33180301 0 
COST /WBS UN IT 33180301 

0.00* 
o 
o 

o 
o 

o 

1.14* 
1 

1.14 

1 

1.14 
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



BACKUP REPORT 
YORK BREAKDOYN-SPEC 

GRP 
QUAN U/M 

33180902 HTRY REMEDIAL ACTION 
DISPOSAL (OTHER THAN COMMERCIAL) 

DISPOSAL FEES AND TAXES 
INCINERATOR 

SYSDC DISPOSAL FEES 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
C1 RECOVERY YELL AND NUTRIE 

NT INJECTION YELL IDY DI DI 
SPOSAL 75.00 TON 

c2 GROUNDYATER/FREE PRODUCT 
RECOVERY DISPOSAL 1.00 LS 

SUBTOTAL-SUBSPEC SECTION 13900 

TOTAL FOR SPEC SECTION 13900 
SUBTOTAL-YORK BREAKDOYN 33180902 

TOTAL FOR YORK BREAKDOYN 33180902 
COST /YBS UN IT 33180902 

MUP/ 
EXT 

62.65* 
4,698 

1.14* 
1 

4,700 

4,700 
4,700 

4,700 

LUP/ 
EXT 

0.00* 
o 

0.00* 
o 
o 

o 
o 

o 

EUP/ 
EXT 

PRINTING DATE: 12/13/93 14 
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TOTAL 

0.00* 62.65 
0 4,698 

0.00* 1.14 
0 
0 4,700 

0 4,700 
0 4,700 

0 4,700 
4,699.51 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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LOCATION: MAYPORT, FLORIDA UIC: N2 
ESTIMATORS: BLAKE G. SVENDSEN P-NO. : 
PROJECT SIZE: 1.00 EA DATE OF ESTIMATE: 12/13/93 
AUTHORIZED CONSTRUCTION FUNDS: 1,000,000.00 BID DATE: / / 

MATERIAL LABOR EQUIPMENT 

SUB SPEC SPEC SUB SPEC SPEC SUB SPEC SPEC SPEC 
SECT SECT SECT SECT SECT SECT SECT 

01000 GENERAL REQUIREMENTS 
01000 GENERAL REQUIREMENTS 1,914 15,222 2,734 

SUBTOTAL SPEC SECTION 01000 1,914 15,222 2,734 19,869 
01025 SHIPPING 
01025 SHIPPING 3,417 0 570 

SUBTOTAL SPEC SECTION 01025 3,417 0 570 3,987 

SUBTOTAL SPEC DIVISION 01 5,331 15,222 3,303 23,856 

02713 EXTERIOR WATER DISTRIBUTION SYSTEM 
02715 EXTERIOR CONDENSATE RETURN SYSTEM 585 270 147 

SUBTOTAL SPEC SECTION 02713 585 270 147 1,003 

SUBTOTAL SPEC DIVISION 02 585 270 147 1,003 

13900 MISCELLANEOUS SPECIAL CONSTRUCTION 
13900 MISCELLANEOUS SPECIAL CONSTRUCTION 257,780 64,804 36,019 

SUBTOTAL SPEC SECTION 13900 257,780 64,804 36,019 358,603 

SUBTOTAL SPEC DIVISION 13 257,780 64,804 36,019 358,603 

TOTAL 263,696 80,296 39,469 383,461 



BACKUP REPORT: 
GROUPS 
PRELIMINARY 

CN 

ENGINEERING ESTIMATE 

PROJECT: MAYPORT ALPHA DELTA PIER 
LOCATION: MAYPORT, FLORIDA 
ESTIMATORS: BLAKE G. SVENDSEN 
PROJECT SIZE: 1.DD EA 
AUTHORIZED CONSTRUCTION FUNDS: 1,DDD,DOO.00 

GRP MUP/ 
QUAN U/M EXT 

CONSTRUCTION AND SITE WO 
Cl 6.67* 

TRENCHING 1,250.00 LF 8,338 
Cl 0.00* 

INSTALL TUBING 1,250.00 LF 0 
Cl 2.31* 

REMOVE PAVEMENT 340.00 SF 785 
Cl 2.05* 

CUT PAVEMENT 1,360.00 LF 2,788 
C2 5.78* 

PAVEMENT REPAIR 340.00 SF 1,965 
C2 EXCAVATION FOR LINER INS 0.00* 

ERTION 1.00 LS 0 
C2 HAZARDOUS MATERIALS STOR 

AGE SHED W/ LIGHTS, VENT CN 0.00* 
ILATION, & SUMP LINER 1.00 EA 0 

C3 PIPE CLEANING AND INSPEC 0.00* 
TION 1.00 LS 0 

SUBTOTAL-GROUP 13,876 

TOTAL FOR GROUP 15,805 
TOTAL INCL OVERHEAD 15,805 

LUP/ 
EXT 

PRINTING DATE 
DATABASE USED 
PAGE NUMBER 
ESTIMATE NAME 

CAT CODE: 
UIC: N2 
P-NO. : 
DATE OF ESTIMATE: 12/13/93 
BID DATE: / / 

EUP/ 
EXT TOTAL 

0.00* 0.00* 6.67 
0 0 8,338 

0.00* 3.41* 3.41 
0 4,263 4,263 

0.00* 0.00* 2.31 
0 0 785 

0.00* 0.00* 2.05 
0 0 2,788 

0.00* 0.00* 5.78 
0 0 1,965 

0.00* 2,500.00* 2,500.00 
0 2,500 2,500 

0.00* 17,250.00* 17,250.00 
0 17,250 17,250 

0.00* 5,000.00* 5,000.00 
0 5,000 5,000 
0 29,013 42,889 

0 33,045 48,850 
0 33,045 48,850 

12/13/93 14 
01/21/92 02 

1 

MAYADPIR 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

DI WASTE DISPOSAL 
Cl 0.00* 0.00* 65.00* 65.00 

DRUM REPLACEMENT COSTS 2.00 EA 0 0 130 130 
Cl TRANSPORTATION OF WASTE 0.00* 0.00* 1.00* 1.00 

DISPOSAL SITE 1.00 LS 0 0 1 
Cl RECOVERY WELL AND NUTRIE 

NT INJECTION WELL IDW DI DI 55.00* 0.00* 0.00* 55.00 
SPOSAL 75.00 TON 4,125 0 0 4,125 

C2 GROUNDWATER/FREE PRODUCT 1.00* 0.00* 0.00* 1.00 
RECOVERY DISPOSAL 1.00 LS 1 0 0 1 

C2 0.00* 10.00* 0.00* 10.00 
DRUM LOADING 2.00 EA 0 20 0 20 

SUBTOTAL-GROUP 4,126 20 131 4,277 

TOTAL FOR GROUP 4,700 35 149 4,884 
TOTAL INCL OVERHEAD 4,700 35 149 4,884 



+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



BACKUP REPORT: PRINTING DATE: 12/13/93 14 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 2 

GRP MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

GW GROUNDWATER CONTROL 
C1 63.00* 10.00* 0.00* 73.00 

SYNTHETIC PIPE LINER 250.00 LF 15,750 2,500 0 18,250 
SUBTOTAL-GROUP 15,750 2,500 0 18,250 

TOTAL FOR GROUP 17,939 4,425 0 22,364 
TOTAL INCL OVERHEAD 17,939 4,425 0 22,364 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

MP MOBI LIZATION 
ABB1 CONSTRUCTION I NSTALLATIO 0.00* 30.00* 5.00* 35.00 

N SUPERVISION 280.00 HR 0 8,400 1,400 9,800 
ABB1 0.00* 0.00* 850.00* 850.00 

CONSTRUCTION PERMITS 1.00 EA 0 0 850 850 
ABB1 CONSTRUCTION SCHEDULING 0.00* 200.00* 0.00* 200.00 

(CPM) 1.00 LS 0 200 0 200 
C1 MOBOLIZATION OF SUBCONTR 0.00* 0.00* 500.00* 500.00 

ACTOR 1.00 EA 0 0 500 500 
C2 SINGLE PHASE 200 A POWER 180.00* 0.00* 0.00* 180.00 

CONNECTION 1.00 EA 180 0 0 180 
C2 WASTE DISPOSAL AND HAULI 1,500.00* 0.00* 0.00* 1,500.00 

NG PERMIT 1.00 EA 1,500 0 0 1,500 
C2 0.00* 0.00* 150.00* 150.00 

SIGNS 1.00 EA 0 0 150 150 
C2 PER DIEM FOR SUBCONTRACT 150.00* 0.00* 0.00* 150.00 

OR (3 MAN CREW) 20.00 DAY 3,000 0 0 3,000 
SUBTOTAL· GROUP 4,680 8,600 2,900 16,180 

TOTAL FOR GROUP 5,331 15,222 3,303 23,856 
TOTAL INCL OVERHEAD 5,331 15,222 3,303 23,856 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

OM OPERATION AND MAINTENANC 
ABB1 SITE VISITS AND INSPECTI 50.00* 240.00* 0.00* 290.00 

ONS 15.00 EA 750 3,600 0 4,350 
ABB1 SITE VISITS AND I NSPECTI 50.00* 240.00* 0.00* 290.00 

ONS 12.00 EA 600 2,880 0 3,480 
ABB2 CONTAMINATION MONITORING 745.00* 30.00* 0.00* 775.00 

SAMPLING AND ANALYSIS 68.00 EA 50,660 2,040 0 52,700 
ABB2 CONTAMINATION MONITORING 745.00* 30.00* 0.00* 775.00 

SAMPLING AND ANALYSIS 36.00 EA 26,820 1,080 0 27,900 
ABB2A MICROBIOLOGY MONITORING 150.00* 30.00* 0.00* 180.00 

SAMPLING AND ANALYSIS 28.00 EA 4,200 840 0 5,040 
ABB2B NUTRIENT MONITORING SAMP 105.00* 30.00* 0.00* 135.00 

LING AND ANALYSIS 84.00 EA 8,820 2,520 0 11,340 



BACKUP REPORT: PRINTING DATE: 12/13/93 14 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 3 

GRP MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

ABB2C 0.00* 10.00* 0.00* 10.00 
DOSING WELL MONITORING 360.00 EA 0 3,600 0 3,600 

ABB3 50.00* 0.00* 0.00* 50.00 
POWER COSTS 12.00 MO 600 0 0 600 

ABB3 50.00* 0.00* 0.00* 50.00 
POWER COSTS 12.00 MO 600 0 0 600 

ABB4 WATER COST @ $1.30 PER 39.00* 0.00* 0.00* 39.00 
1000 GALLONS 365.00 DAY 14,235 0 0 14,235 

ABB4 WATER COST @ $1.30 PER 39.00* 0.00* 0.00* 39.00 
1000 GALLONS 365.00 DAY 14,235 0 0 14,235 

ABB5 10.00* 240.00* 0.00* 250.00 
MONTHLY REPORTS 12.00 EA 120 2,880 0 3,000 

ABB6 10.00* 240.00* 0.00* 250.00 
MONTHLY REPORTS 12.00 EA 120 2,880 0 3,000 

SUBTOTAL-GROUP 121,760 22,320 0 144,080 

TOTAL FOR GROUP 138,685 39,506 0 178,191 
TOTAL INCL OVERHEAD 138,685 39,506 0 178,191 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

PI FLOW CONTROL, MEASUREMEN 
Cl REDUCED PRESSURE BACKFLO 0.00* 0.00* 300.00* 300.00 

W PREVENTER 1.00 EA 0 0 300 300 
Cl 55 GALLON DRUM PRODUCT C 0.00* 0.00* 65.00* 65.00 

OLLECTION TANK ASSEMBLY 2.00 EA 0 0 130 130 
Cl PVC PIPE SCH 80 1.5 INCH 3.75* 5.65* 0.00* 9.40 

DIAMETER 150.00 LF 563 848 0 1,410 
C2 15.00* 10.95* 0.00* 25.95 

GATE VALVES 4.00 EA 60 44 0 104 
C3 0.00* 0.00* 32.90* 32.90 

FLOW METERS 3.00 EA 0 0 99 99 
C4 0.00* 0.00* 34.90* 34.90 

PREASURE GAUGE 1.00 EA 0 0 35 35 
C4 PVC 90 DEGREE SCH 80 ELB 1.90* 15.65* 0.00* 17.55 

OW JOINT 9.00 EA 17 141 0 158 
C5 0.00* 0.00* 10.00* 10.00 

SAMPLING PORTS 2.00 EA 0 0 20 20 
C6 0.00* 0.00* 198.00* 198.00 

WATER JET EDUCTORS 2.00 EA 0 0 396 396 
C7 0.00* 0.00* 250.00* 250.00 

SCREEN FILTER 1.00 EA 0 0 250 250 
C7 OXYGEN/NUTRIENT DISTRIBU 

TION TUBING PI 120.00* 0.00* 0.00* 120.00 
1 ROLL @ 6000 FEET 1.00 RL 120 0 0 120 

DJGLO 6 INCH TAPPING SADDLE 27.12* 20.71 11.64 59.47 
TAP SIZE TO 2 INCH 1.00 EA 27 21 12 59 



BACKUP REPORT: PRINTING DATE: 12/13/93 14 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 4 

GRP MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

DJGLU 294.04* 30.68 17.25 341.97 
6X4 TAPPING SLEEVE 1.00 EA 294 31 17 342 

DJGMYJ 192.76* 55.22 31.05 279.03 
4 INCH TAPPING VALVE MJ 1.00 EA 193 55 31 279 

DJGMYO 0.00* 46.01 69.38 115.39 
TAP 4 INCH HOLE IN PIPE 1.00 EA 0 46 69 115 

SUBTOTAL-GROUP 1,274 1,185 1,359 3,817 

TOTAL FOR GROUP 1,451 2,097 1,548 5,095 
TOTAL INCL OVERHEAD 1,451 2,097 1,548 5,095 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

SA START UP SAMPLING AND 
ABB1 UP STREAM AND DOWN STREA 

M SAMPLES FROM STORM SEW SA 745.00* 50.00* 0.00* 795.00 
ER 6.00 EA 4,470 300 0 4,770 

ABB1 GROUND WATER SAMPLING AN 745.00* 30.00* 0.00* 775.00 
o ANALYSIS 9.00 EA 6,705 270 0 6,975 

ABB1A MICROBIOLOGICAL SAMPLING 150.00* 30.00* 0.00* 180.00 
AND ANALYSIS 7.00 EA 1,050 210 0 1,260 

ABB2A MICROBIOLOGY MONITORING 150.00* 30.00* 0.00* 180.00 
SAMPLING AND ANALYSIS 77.00 EA 11,550 2,310 0 13,860 

ABB2B NUTRIENT MONITORING SAMP 105.00* 30.00* 0.00* 135.00 
LING AND ANALYSIS 105.00 EA 11,025 3,150 0 14,175 

ABB2C 0.00* 10.00* 0.00* 10.00 
DOSING WELL MONITORING 450.00 EA 0 4,500 0 4,500 

SUBTOTAL-GROUP 34,800 10,740 0 45,540 

TOTAL FOR GROUP 39,637 19,010 0 58,647 
TOTAL INCL OVERHEAD 39,637 19,010 0 58,647 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

TM TREATMENT MATERIALS 
C1 INSITU BIODEGRADATION WI 

TH MAGNESIUM PEROXIDE PO TM 6.00* 0.00* 0.00* 6.00 
WDER 2,500.00 KG 15,000 0 0 15,000 

C1 IN SITU BIODEGRADATION 
W/ HYDROGEN PEROXIDE TM 225.00* 0.00* 0.00* 225.00 
SOLUTION 30.00 DR 6,750 0 0 6.750 

SUBTOTAL-GROUP 21,750 0 0 21,750 

TOTAL FOR GROUP 24,773 0 0 24,773 
TOTAL INCL OVERHEAD 24,773 0 0 24,773 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



BACKUP REPORT: PRINTING DATE: 12/13/93 14 
GROUPS DATABASE DATE: 01/21/92 02 

PAGE NUMBER 5 

GRP MUP/ LUP/ EUP/ 
QUAN U/M EXT EXT EXT TOTAL 

WD WELL DRI LLI NG 
C1 MOBILIZATION AND CREW 0.00* 0.00* 1,250.00* 1,250.00 

PER DIEM 1.00 EA 0 0 1,250 1,250 
C3 40.00* 0.00* 0.00* 40.00 

WELL DEVELOPMENT 30.00 EA 1,200 0 0 1,200 
C3 4" PVC DOSING WELLS 

W/ 10' OF SCREEN AND FLU WD 410.00* 0.00* 0.00* 410.00 
SH COVERS 30.00 EA 12,300 0 0 12,300 

SUBTOTAL· GROUP 13,500 0 1,250 14,750 

TOTAL FOR GROUP 15,377 0 1,424 16,800 
TOTAL INCL OVERHEAD 15,377 0 1,424 16,800 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



COST ENGINEERING SYSTEM LISTING OF ESTIMATE ERRORS FOR MAYADPIR DATE: 12/13/93 PAGE: 

NO ERRORS IN ESTIMATE MAYADPIR 




