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1.0 INTRODUCTION 

The United States Navy, Naval Facilities Engineering Command, Atlantic Division 

(LANTDIV), has directed Baker Environmental, Inc. (Baker) to conduct a treatability study 

and remedial design for an Interim Remedial Action (IRA) for the shallow aquifer at the 

Hadnot Point Industrial Area (HPIA) Operable Unit Site at Marine Corps Base (MCB), Camp 

Lejeune in Onslow County, North Carolina. This IRA has been documented in a Final IRA 

Record of Decision (ROD) for the site (Baker, September 17,1992). The Navy/Marine Corps 

has obtained concurrence from the State of North Carolina and the United States 

Environmental Protection Agency (U. S. EPA) Region IV on this IRA. 

In accordance with the project tasks identified in the Final Remedial Design Project Plans for 

the Shallow Aquifer at the Hadnot Point Industrial Area Operable Unit (Baker, January 

1993), Baker has initiated the remedial design identified in the ROD. 

1.1 Purpose of the Basis of Design Report 

The purpose of this Basis of Design Report is to present final design information and. drawings 

for the project. 

As noted in Section 3.2.1 of LANTDN’s A&E Guide: “This submittal allows the activity to 

review and concur with the A&E’s interpretation of the functional and organizational 

requirements of the project. Concurrently, LANTNAVFACENGCOM is reviewing to assure 

technical features comply with the Department of Defense and Navy policies and regulations.” 

1.2 Basis of Design Report Format 

The basis of design information presented in this document is structured to address ,the major 

components of the remedial design, and include the following elements: 

l Section 2: Site Background Information 

l Section 3: Laboratory and Field Investigations 

l Section 4: Conceptual Design 

l Appendix A: Aquifer Characteristic Calculations and GWAP Program Da& Sheets 

l Appendix B: Outline Specifications (The complete set of specifications are bound 

separately). 

“+.% 
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l Appendix C: Preliminary Construction Cost Estimate 

l Appendix D: Proposed Construction Schedule 

l Appendix E: Design Calculations 

l Appendix F: Manufacturers Catalog Data 



2.0 SITE BACKGROUND INFORMATION 

The following section provides site background information, and a description of the nature 

and extent of contamination found at the HPIA. Some of this information is based on that 

contained in the Interim Remedial Action Feasibility Study for the Shallow Aquifer at the 

Hadnot Point Industrial Area Operable Unit (Baker, April 1992). 

2.1 Site Location 

Camp Lejeune is a training base for the Marine Corps, located in Onslow County, North 

Carolina (see Figure 2-1). The base covers approximately 170 square miles and is bounded to 

the southeast by the Atlantic Ocean, to the northeast by State Road 24, and to the west by 

U.S. 17. The town of Jacksonville, North Carolina is north of the base. 

The focus of this design is the shallow aquifer in the area of the HPIA. The HPIA is defined as 

Site 78 at MCB, Camp Lejeune. Site 78, along with Site 21 (Transformer Storage Yard) and 

Site 24 (Industrial Area Fly Ash Dump), comprise the HPIA Operable Unit at MCB, Camp 

Lejeune. The HPIA is bounded by Sneads Ferry Road to the north, Holcomb Boulevard to the 

west, Louis Road to the east, and Main Service Road to the south (see Figure 2-2 and 

Drawing T-l). Site 21 is also located within this boundary. Site 24 is located along Louis Road 

across from Site 78. 

2.2 Site Description 

The HPIA, constructed in the early 1940’s was the first facility at MCB, Camp Lejemne. It was 

comprised of approximately 75 buildings and facilities including: maintenance shops, gas 

stations, administrative offices, commissaries, snack bars, warehouses, storage yards, and a 

dry cleaning facility. A steam plant and training facility occupy the southwest portion of the 

HPIA. A transformer storage yard (Site 21) and an industrial area fly ash dump (Site 24) are 

part of the overall HPIA Operable Unit. These two areas are not included in the smpe of this 

design report but will be considered at a later time. 

In addition to Sites 21 and 24, a fuel tank farm (Site 22) is located m-ithin the HPLA operable 

unit near the 1000 series buildings. The fuel farm is an underground storage tank site which 

is not being administered under CERCLA regulations. Therefore, Site 22 is not. included as 

part of the HPIA Operable Unit. 
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FIGURE 2-1 
LOCATION MAP 

HADNOT POINT INDUSTRIAL AREA 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA )URCE: U.S.G.S. WATER-RESOURCES 

VESTlGATlONS REPORT 89-4096 
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LEGEND 
FIGURE 2-2 

-8 GROUNDWATER W A T I O N  CONTOUR SITE AND SHALLOW GROUNDWATER 
(DASHED WHERE INFERRED) CONTOUR MAP (2/20/9 1 ) 

HADNOT POINT INDUSTRIAL AREA 
MARINE CORPS BASE, CAMP LEJEUNE 

SOURCE: LANJDIV. FEBRUARY 1992 NORTH CAROLINA 
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A fuel recovery/groundwater treatment system is currently being implemented at the tank 

farm. 

Several areas at the HPIA have been investigated for potential soil and groundwater 

contamination due to Marine operations and activities resulting in the generation of 

potentially hazardous wastes. The investigations indicate that contamination has resulted at 

HPIA due to improper waste disposal, underground storage tank leakage, solvent spills, and 

sludge disposal. 

2.3 Hydrology 

The hydrologic system at MCB, Camp Lejeune consists of an unconfined (water table) aquifer 

and underlying semiconfined aquifers. The unconfined aquifer extends from the water table 

to the first significant confining layer, approximately 25 feet below land surface (bls). 

,- The water table within HPIA was at an elevation ranging between 8.5 feet and 25.5 feet above 
TQ mean sea level during January 1991. The depth to water table ranged from 6.7 to 23.2 feet bls. 

This variation in water table elevation is due to variations in water recharge throughout the 

area. This is caused by manmade features (parking lots, buildings, drainage ditches). 

ix-- 

,/--\ 

Groundwater flow in the shallow aquifer is predominantly to the southwest in the southern 

portion of HPIA and to the west-southwest in the northern and central portions of the site. 

There is some groundwater mounding in the southern corner of the site. Generally, the 

shallow groundwater flows toward the New River. Figure 2-2 shows a potentiometric surface 

map of the water table aquifer constructed from water level measurements taken in shallow 

monitoring wells on February 20, 1991 by Environmental Science and Engineering, Inc. 

(ESE). Water in the lower water bearing zones trends generally in the same direction 

(southwest) as that in the surficial. 

As determined from February 1991 potentiometric surface maps, the horizontal hydraulic 

gradient in the shallow aquifer is approximately 0.003 feet per foot (fVft1. The estimated 

gradient for the intermediate and deep zones are approximately 0.0015 fVft and 0.10021 ftlft, 

respectively. 

Aq 
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2.4 Nature and Extent of Contamination 

Previous studies indicate that the shallow groundwater is contaminated primarily with fuel 

related compounds, benzene, 1,2-dichloroethene (1,2-DCE), trichloroethene (TCE), vinyl 

chloride, solvents, and metals, such as antimony, arsenic, beryllium, chromium, iron, lead, 

manganese, mercury, and nickel. Several compounds were detected at concentrations 

exceeding the Federal and North Carolina drinking water standards for groundwater. 

Prior to the sampling conducted during the Treatability Study Pilot Test, the most recent 

shallow groundwater data was collected in January 1991 by ESE. This data is similar to the 

results of the earlier studies with the exception that the compound concentrations from the 

January 1991 data were generally lower than the concentrations identified in the earlier 

studies. There is no apparent reason why shallow groundwater concentrations were lower in 

1991. However, deep groundwater quality showed an improving trend after the potable 

supply wells near the HPU were shut down in the mid-1980s. Groundwater quality in the 

deep portion of the aquifer may have improved since contaminants from the shallow 

groundwater were no longer being drawn vertically by the pumping action of the sup:ply wells. 

Based upon the results of the January 1991 sampling, the following compounds were 

identified as potential contaminants of concern for the shallow aquifer at the HPLA: benzene, 

1,2-DCE, TCE, antimony, arsenic, beryllium, chromium, iron, lead, manganese, mercury, and 

nickel. Table 2-l presents a summary of the 1991 shallow aquifer groundwater (data with 

respect to the contaminants of concern. Oil & grease data is not included on Table 2-l due to 

the fact that this analysis was not conducted on any of the 1991 samples. The maximum 

concentrations of benzene (7900 pg/L) were detected in a monitoring well immediately 

adjacent to the fuel tank farm (Site 22). Maximum concentration of 1,2-DCE (42,000 pg/L) was 

detected in the northeast corner of the site (near the 900 series buildings) and the maximum 

concentration of TCE (14,000 pg/L) was detected in the southwestern portion of the site (near 

the 1600 series buildings), respectively. Metals concentrations were elevated throughout most 

of the site, especially near the fuel farm (lead). 

Based on review of existing data, two major areas of contaminated groundwater (source areas) 

have been identified in the shallow aquifer at HPIA as shown on Figure 2-3 and Drawing T-l. 

The first area or plume is located northeast of Cedar Street near the 900 series buildings. The 

other plume is located southwest of Cedar Street near the 1600 series buildings. 
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TABU’2-1 

SUMMARY OF CONTAMINANTS OF CONCERN DETECTED IN THE SHALLOW GROUNDWATER AQUIFER, JANUARY 1991 

Potential 
Contaminants of HPGWl HPGW2 HPcw3 HPGWI-1 HPGWS HPGWG HPGW7 HPGWS HPGWS-1 HPGWIO HPGWll HPGW12 HPGW13 HPGW14 HPGW15 

Benzene 5 < 5 < 5 < 5-c 5-c 5< 5< 5< 5 < 5 < 5 < 5 < 5 < 5 < 5 < 

1,2-Dichloroethene 73 10 < 10 < 5 < 5 < 5 < 5 < 5 < 1200 5 < 5 < 5 < 5 < 5 < 7 

Trichloroethene 91 5< 5 < 0.9 J 5 c 5< 5< 2 J 14000 5 < 5 < 5 < 5 < 5 < 4 J 

Inorganics (pglL.) 

1 Iron 1 64100 1 34800 1 104 

Chromium !  87 1 64.3 1 16.7 187 3.6 B 1590 313 91.8 66.4 310 140 25.5 48.9 127 21.4 

100 100000 3100 265000 65700 40900 19800 119000 31800 5600 33500 87200 4800 

Lead 16.6 29.4 11.4 66.6 13.6 60.7 112 54.1 128 186 45.2 15.7 9 66.5 16.6 

Manganese 168 71 53.9 425 162 487 136 46.5 45 255 103 18.3 30.3 80 18.3 

Antimony 13.3 < 15.6 I3 46.5 B 21.9 B 13.3 < 13.3 < 22 < 22 17.6 B 22 < 22 c 22 < 13.3 < 13.3 < 22 < 

Arsenic 8 B 24.1 15.6 15.5 1.5 < 31.5 18.3 28.4 3 B 39.9 9.1 B 1.8 < 47 45.6 1.8 < 

Beryllium 6 1.7 BG 1.2 B 6.7 0.86 B 20 4.8 B 2.1 0.79 B 5.6 2.1 < 2.1 < 0.59 B 2.7 B 2.1 < 

MHTlll+y 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 1.4 0.25 0.13 0.1 < 0.82 0.1 B 0.1 < 0.1 < 0.26 0.1 < 

57 5.2 < 161 50.7 25.2 15.1 B 92.2 23.6 B 11 < 21.2 B 41.6 11 < 1 Nickel 1 31.3 B 1 16.9 B 1 12.1 B 1 

Potential 
NCUtb 

CFldii 
Contaminants of 

Federal 
HPGWIG HPGW17-1 HPGW18 HPGW19 HPGWPO HF’GW21 H?‘GW22 HPGW23 HPGW24-1 HPGW25 HPGW26 HPGW29 22GWl 22GW2 Water . . 

Concern Quality %Z 
CritWiZl MCLe 

voc CpgL) 

Benzene 5 < 5 < N/A 5 < 5 < 5 < 5 < 24 3 J 5 < 5 c 5 < 7900 5 < 1 5 

1,2-Dichloroethene 5 < 5 < N/A 0.8 J 5 < 5 < 5 < 8900 42000 D 5 < 5 < 5 c 5 < 5 < 70 70 

‘I’richlorocthono 5 c 5 < N/A 2 J 5 < 35 5< 3700 180 5 < 5 < 5 < 5 J 5 < 2.8 5 

IIII~rgllnlCH ()IJ(/IJ 
1 I If;l8rrmiurrc I ZlJ!J I 37 1 N/A I 13.8 I 

I 
424 1 45 I 

I 
79.H I 

244&l 

76.3 1 26.3 1 20s I ISI 179 1 457 1 26.3 1 50 I 1M: 
-...-----_ - 

Irrm 47200 10500 N/A 36200 2E+05 56600 23300 19200 46600 19000 76200 1E f05 16200 300 - 

Lead 100 23.7 N/A 31.7 20 49.4 39.4 45 21.4 71.6 9 29.1 307 16.2 50 15 

Manganese 98.3 31.3 N/A 79 217 136 94.1 68.6 54.8 118 10.6 B 236 284 763 50 - 

Antimony 22 < 22 < N/A 13.3 21.9B 13.3 < 24.6 B 24.6 < 22 < 13.3 < 13.3 < 13.3 c 20.9 B 13.3 - 6 

A rwnic 17.3 1.R < NIA 6 B 49.4 12.1 7.2 B 6.6 B 4.2 B 13.2 1.5 < 25.6 50.3 11 50 50 
_... . ..~... .._..~__ -._ 

llwyllium 6.3 2.1 c: Nlh 2.3 M 9.5 3.7 u 0.6 II 1 II 2.1 c 2.8 B 0.5 < 
.L.- .__.. 

8.7 5.8 0.5 0.5 4 
..--__. .__ -.-. -.-- 

Mercury 0. I3 II 0.1 < N/h N/A 0.6 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.35 0.1 1.1 2 

Nickel 41 11.9 IJ N/A 7.3 B 168 30.8 B 23.2 II 33.2 B 14 < 39.2 B 5.2 < 93.5 186 17 150 100 

Notes: < = Compound was analyzed. but not detected at the listed detection liiit N/A = Not Analyzed 

.I = Valutr is cxLimtLctl -- = Not established 

II = Itoprtwl value ix c: con~mc~ rwpirod dot&ion limit (CRDL), but > in&umontdotection limit (IDL) MCL = Maximum Contaminant Level 

IJ ~- Compound idnn~ifiod in an nnalyain at a aocondary dilution factor 
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FIGURE 2-3 LEGEND 
@ APPROXIMATE SOURCE AREA OF GROUNDWATER 

CONTAMINATION IN THE SHALLOW AQUIFER APPROXIMATE AREA OF GROUNDWATER - 

$ EXISTING SHALLOW MONITORING WELL CONTAMINATION IN THE SHALLOW AQUIFER 
'$' EXISTING INTERMEDIATE MONITORING WELL HADNOT POINT INDUSTRIAL AREA 

BURCE: U)ITDN, FEBRUARY 1992 NORTH CAROLINA 
MARINE CORPS BASE, CAMP LEJEUNE 24-3 8 EXISTING DEEP MONITORING WELL 
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2.4.1 Results of VOC Sampling, May 1993 

In May 1993, groundwater samples were taken by Baker personnel from the monitoring wells 

in the HPIA. Preliminary results for VOCs from this sampling event are presented in 

Table 2-2. It should be noted that this data has not been validated. 

The maximum concentration of 1,2-DCE detected was 14,190 pg/L from HPGW23. The 

highest concentration of 1,2-DCE previously detected from HPGW23 was 8,900 pg/L in 

January 1991. 

The maximum concentration of TCE detected was 440 pg/L from HPGW23. The highest 

concentration of TCE previously detected from HPGW23 was 3,700 pgiL in January ‘1991. 

I--- 
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TABLE 2-2 

SUMMARY OF VOC CONTAMINANTS OF CONCERN DETECTED IN THE SHALLOW GROUNDWATER AQUIFER, MAY 1993 

Potential Contaminants 
of Concern HPGWB HPGW3 HPGWI-1 HPGWB HPGWG HPGW7 HPGWB HPGWB-2 HBGWB-3 HPGWlO HPGWll HPGW13 i 

2LzE!P ND ND ND ND ND ND ND ND ND ND ND ND 

Bromomethane 1.2 ND ND ND ND ND ND ND 2.0 ND ND ND 

1, I-Dichloroethene ND ND ND ND ND ND ND ND ND ND ND ND 

Trans-1,2-Dichloroethene , ND , ND I ND r ND I ND I ND I ND I ND I ND I ND I ND I ND I 

cis-1,2-Dichloroethene ND ND ND ND ND ND ND ND ND ND ND ND 

Ethylbenzene ND ND ND ND ND ND ND ND ND ND ND ND 

Methylene Chloride 

Toluene 

Total Xylenes 

Trichloroethene 

Vinyl Chloride 

Trichlorofluoromethane 

1 I  I  

1.4 ND ND 2.0 ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND ND 6.0 ND ND ND ND 

ND ND ND ND ND ND ND ND ND ND ND ND 

ND ND ND ND ND ND 1.5 ND ND ND ND ND 

$3 
CD 

1 

Potential Contaminants 
of Concern 

HPGW 14 HPGW15 HPGW16 HPGW1’7-1 HPGW17-2 HPGW19 HPGWSO HPGW21 HPGW22-1 HPGW22-2 HPGW23 HPGW24-1 

. 

FiJ%%P@ ND ND ND ND ND ND ND ND ND ND 10 1.6 

Bromomethane 1.5 ND ND ND ND ND ND ND ND ND ND ND 

l,l-Dichloroethene ND ND ND ND ND ND ND ND ND ND 3.6 6.7 

‘~rans-1,2-Dichloroethene ND ND ND ND ND ND ND ND ND ND 190 140 

cis-I ,Z-1)ichlorocthcne ND ND ND ND ND ND ND ND ND ND 14,000 3400 

Ethylbenzene ND ND ND ND ND ND ND ND ND ND 5.2 ND 

Methylene Chloride 1.4 1.4 ND ND 1.1 ND ND ND ND ND ND ND 

Toluene ND ND ND ND ND ND ND ND ND ND 2.3 1.5 

Total Xylenes ND ND ND ND ND ND ND ND ND ND 28 1.4 

Trichloroethene ND 1.4 ND ND ND 1.4 ND lC .” ND ND 449 5i 

Vinyl Chloride ND ND ND ND ND ND ND ND ND ND 14 97 

Trichlorofluoromethane ND ND ND ND ND ND ND ND ND ND ND ND 

Notes: ND = Not Detected 
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3.0 LABORATORY AND FIELD INVESTIGATIONS 

This section summarizes the laboratory and field activities conducted in support of the 

remedial design. These activities included: laboratory bench-scale treatability testing for oil, 

grease and metals removal, an aquifer pump test, and field pilot-scale treatability testing for 

volatile organic compounds (VOCs) removal with air stripping and activated carbon. 

The objectives of these tests were to evaluate the remedial technologies’ performance in 

meeting the site-specific clean-up goals for this site. The cleanup goals include Federal and 

North Carolina Groundwater MCLs, as shown on Table 3-l. These goals have been defined by 

the USEPA Region IV and the North Carolina DEHNR. A more detailed description of the 

objectives and procedures used in these activities is provided in the Remedial Design Work 

Plan (Baker, January 1993). 

The results of the bench-scale and pilot-scale treatability tests have provided da,ta to support 

the design of pretreatment components (e.g., metals removal, oil separation) and the air 

stripping treatment unit. Additionally, the pilot-scale test provided data to evaluate whether 

liquid phase carbon adsorption is required as part of the groundwater treatment system in 

order to meet cleanup goals. 

The data obtained from the bench-scale and pilot-scale tests supported initial design 

assumptions regarding gravity oil/water separation and gravity settling of suspended metals. 

However, because the influent VOC concentrations detected during the pilot test were less 

than other historical data, alternative methods of predicting VOC removal rates were 

necessary. These methods are noted in Section 3.3. 

The treatability study results were presented in a separate Treatability Study Report which 

has been submitted to LANTDIV and the Activity. 

The following subsections provide a brief description of the laboratory and field activities, and 

a summary of their results. 
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TABLE 3-1 

FEDERAL AND STATE CRITERIA FOR THE 
CONTAMINANTS OF CONCERN IDENTIFIED 

FOR THE SHALLOW AQUIFER 

North Carolina* 
North Carolina* Water Quality 

North Carolina* Water Criteria Criteria for 
Water Quality Federal for Fresh Tidal Salt 

Criteria for Drinking Water Surface Water Waters 
Contaminant Groundwater MCLs h.lgm (l.lg/W 

of Concern Q.lgm @e-L) Class C Waters Class SC Waters 

TCE 2.8 5 92.4(4) 92.4(4) - 

1,2-DCE __ 70 -_ __ 

Benzene 1 5 71.4 (4) 71.4 (4) - 

Antimony -- 6 .- -- 

Arsenic 50 50 50 (1) 50 (1) 

Beryllium v- 4 .ll'i (4' 6.5(l) .117 (4) - 

Chromium 50 100 50 (1) 2ow - 

[ran 300 __ lOOO(5) _- 

Lead 50 15(3) 25 (1) 25 (1) - 

Manganese 50 -- -- -- 

mercury 1.1 2 0.012 (1) .025 (1) - 

Nickel 150 100 88 (1) __ 
I 

* From NC Administrative Code 15A NCAC 2l3.0200 
(1) Protection of aquatic life. 
(2) -- = No standard established. 
(3) MCL is action level for public water supply systems. 
(4) Protection of Human Health through consumption of fishlshell fish. 
(5) NC Action Level for discharge to fresh waters. 
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3.1 Bench-Scale Treatability Tests 

Laboratory bench-scale treatability tests were conducted to determine if oil/water separation 

and metals removal would be required in the full size treatment system. Groundwater 

characterization samples collected from monitoring well HPGW 24-1 were used for these tests. 

This monitoring well was selected based on a review of the January 1991 sampling data that 

indicated a high concentration of 1,2-DCE (42,000 pg/L>. Because the treatability study also 

considered VOCs, a location was selected which had previously shown both VOC and metals 

contamination. In addition, this monitoring well is located in an area that was accessible for 

the pilot test. 

3.1.1 Oil/Water Separation 

As reported in the Treatability Study Report, oil and grease concentrations for samples taken 

from HPGW 24-l and the recovery well (RW-1) were all less than 10 mg/L, which is generally 

accepted as the minimum effluent concentration achievable with a slant rib type oil/water 

separator. Results of the oil/water separation tests on the sample from HPGW 24-,l showed 

these concentrations were reduced from 6 mg/L to less than 3 mg/L after the sample settled for 

approximately 30 minutes. Note that these concentrations are all less than the contract 

detection limits for oil and grease, which is 3 mg/L. It appears that conventional oil/water 

separation techniques will remove oil and grease to levels below detection limits. In addition, 

an oil/water separator will remove some of the suspended solids from the groundwater. 

Table 3-2 shows the results of the oil/water separation test. 

3.1.2 Solids Settling 

Based on the groundwater characterization sample analyses, it was determined that chemical 

treatment (metals precipitation jar tests) were not required because the metals of concern 

were primarily associated with the suspended solids. Table 3-3 shows the results of the total 

and dissolved metal characterization sample. Therefore, bench-scale solids settling tests were 

conducted to determine if gravity settling will provide sufficient physical treatment to remove 

the suspended metals to levels that will meet discharge criteria. The results of these tests are 

presented in detail in Section 5.0 of the Treatability Study Report. 
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OIL/WATER SEPARATION BENCH-SCALE TEST 
ANALYTICAL RESULTS 

Time Oil and Grease Sample Temp. 
(minutes) (mg/L) (“C) 

I 
0 6 NA 

15 <3 28 

30 4 28 

60 <3 28 

3-4 
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TABLE 3-3 

HPIA GROUNDWATER SAMPLE CHARACTERIZATION ANALYSES: 

TOTAL AND DISSOLVED METALS 

Parameter 

Total Dissolved 

Metals Metals 

Primary/Secondary NC Ground- NC Surface 
Drinking Water MCLs Water Criteria Water Criteria (3) 

9.7 B (1) 2.0 u 50 50 

78.0 B 146 B 2000 1000 -- 

Beryllium 1.0 B 1.0 u 4 _-- 65 

Cadmium 5.0 u 5.0 u 5 5 2 
Calcium 18600 15000 --- _-- -- 

Chromium 32.0 10.0 u 100 50 50 
Cobalt 8.0 U 8.0 U --- -- -- 

Selenium 1.5 B 1.0 u 50 10 5 

Silver 3.0 u 3.0 u 100 50 0.06 

Sodium 8620 9910 -__ --- -- 

Thallium 2.0 u 2.0 u 2 --L e.- 

Villlildilllll 73 .o 4.0 u ___ --- --- 

zinc 40.0 57.0 SO00 5000 50 

(I) CONCENTRATION Q1JALIFIERS: 

L1 = enkred if’ the rqw~led value was obtained from a reading that was less than the Contract Required 

Detection Limit (CRDL) but greater than or equal to the Instrument Detection Limit (IDL). 

U = entered if ihe anaiyie was anaiyzed for but not detected, quantitation limit reported. 

(2) “---” = No standard established. 

(3) Prolcclion of Aqualic Life. 

(4) MCL is action lcvcl for public water supply systems. 
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After qualitative tests were conducted to determine an adequate polymer and optimum dosage 

rate, settling tests were conducted using both a raw groundwater sample and groundwater 

sample that had 2 mg/L of anionic polymer (Armstrong AI’S) added. The results of these tests 

are presented in Tables 3-4 and 3-5. Table 3-4 shows that the sample with the polymer 

increased the settling rate when compared with the raw sample. After 30 minutes of settling, 

the polymer enhanced sample had a 75 percent suspended solids removal, as compared with a 

48 percent suspended solids removal in the raw sample. 

Samples were taken for metals analyses (aluminum, arsenic, chromium, iron, and lead) after 

60 minutes of settling for the raw sample and 30 minutes for the polymer enhanced sample. 

These analyses are presented in Table 3-5. This data shows that polymer addition can be used 

to aid in metals removal, if gravity settling alone does not reduce the metals concentrations to 

a level that meets discharge requirements. It should be noted that two raw influent samples 

collected during the pilot-scale test had total suspended solids levels of less than 10 mg/L (as 

compared with a TSS concentration of 62 mg/L for the bench-scale sample). A description of 

the pilot test is provided in Section 3.3. Additional information on solids settling can be found 

in Section 51.3 of the Treatability Study. 

It was also noted that the metals concentrations in the raw sample used for the bench-scale 

test were less than many of the sampling results presented in Table 2-1. Because of the 

quality control procedures used to collect these samples, Baker believes that the samples used 

for the bench-scale test are representative of actual site conditions at the APIA. These 

samples show groundwater conditions in the area that the sample was collected (near HPGW 

24-l). This assumption is supported by the fact that the raw sample concentrations for the 

metals listed in Table 3-5 compare favorably with the concentrations of untreated 

groundwater collected during the pilot test (see Tables 5-14,5-16, and 5-17 in the Treatability 

Study). 

One sample, lead, showed an increased concentration after 30 minutes of settling when 

polymer was added. This results could be due to a reaction between the lead and the polymer. 

After considering the results of the bench-scale and pilot-scale tests, a solids removal system 

made up of polymer addition, flocculation, and gravity settling will provide adequate metals 

removal. 

A 
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TABLE 3-4 

SOLIDS SETTLING TESTS: SUSPENDED SOLIDS 
CONCENTRATION AS A FUNCTION OF TIME 

I Total Suspended Solids (mg/L) 

Settling Time 
(minutes) 

4 

I- ~ 0 I 62 I 62 

I 60 I 

TABLE 3-5 

SOLIDS SETTLING TESTS: TOTAL METALS AND TSS CONCENTRATIONS 

A 

Concentration 

Parameter Units 
Raw Initial 

Sample 

Raw Sample 
After 60 Min. 

Settling 

Sample with 
Polymer at 2 mg/L 

after 30 Min. 
Settling 

Aluminum l-%/J-J 2i80 2290 282 

Arsenic M/L c4.0 c4.0 < 4.0 

Chromium WL 20 14 c10.0 

[ran f-x/L 8930 6400 2310 

Lead PEG 4.4 3.2 11 

rss PdL 62 25 16 

.-. 
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3.2 Aquifer Pump Test 

, , . -  

A 

A shallow aquifer pump test was conducted in the area of the 900 series buildings within 

HPIA. The purpose of the aquifer pump test was to evaluate aquifer characteristics (hydraulic 

conductivity, transmissivity, and storativity) and to determine optimum flow rates and 

recovery well zones of influence in the area. 

A g-inch diameter groundwater recovery well (RW-1) and two Z-inch diameter piezometers 

(P-1 and P-2) were installed near the southeast corner of Building 902. This location was 

selected on the basis of its location (near the center of the northern contaminant plume) and 

the results of previous groundwater sampling activities,which had detected a high 

concentrations of 1,2-dichloroethene and trichloroethene in monitoring wells HPGW 23-1 and 

HPGW 24-l. Well construction and boring logs for RW-1, P-l, P-2, HPGW 24-1, HPGW 24-2, 

and HPGW 24-3 are provided in Appendix L of the Treatability Study Report. 

A step drawdown test conducted by Baker on February 1,1993 determined that the maximum 

sustainable pumping rate for RW-1 was 1.5 gpm. For comparison, pump tests conducted at the 

Hadnot Point Fuel Farm (Site 221, produced pumping rates of 2 to 3 gpm. (O’Brien & Gere, 

1990). Therefore, Baker does not believe that the 1.5 gpm pumping rate was due to poor well 

installation or development, but that this rate is representative of the Ethology in this area. 

When the recovery wells are installed, flow rates of 1 to 5 g-pm would be expected (see 

Section 4.1 for a discussion of recovery well installation). 

The 72-hour pump test was started on February 2, 1993. During this test the shallow aquifer 

was pumped at a rate of 1.2 gpm and transducers were used to measure and record the 

drawdown in the recovery well, piezometers and nearby existing monitoring wells. At the 

completion of the pump test, the recovery rate of RW-1, P-l, P-2, and the other monitoring 

wells was recorded. 

3.2.1 Aquifer Characteristics 

Using the data collected during the pump test, aquifer characteristics were calculated using 

the “Graphical Well Analysis Package (GWAP)” program designed by Ground-water Graphics 

of Oceanside, California. Using the Neuman Method for unconfined aquifers with an elastic 

response, GWAP calculates aquifer transmissivity, hydraulic conductivity, and storativity. 

A=. 
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Summary pages for the GWAP calculations are provided in Appendix A. The average value of 

these aquifer characteristics, based on the GWAP program, are as follows: 

Transmissivity (T) 450 gpd/ft 

Hydraulic Conductivity (K) 12 gpdkq ft 

Storativity (9 0.05067 

Using the Theis nonequilibrium well equation, at a boundary drawdown of 0.25 feet, various 

pumping radii were calculated: 

Flow rate (g-pm) Pumping time (davs) 

1.5 30 

1.5 60 

3.0 30 

3.0 60 

Radius (feet) 

250 

350 

330 

470 

After reviewing this information, Baker is recommending that the initial group of recovery 

wells be placed 400 feet apart (200 foot radius), in a configuration along the leading edge of the 

plume. The wells will be located to insure coverage of the downgradient edge of each plume, 

with sufficient overlapping of the well capture zones. This recovery well spacing should 

provide adequate coverage of the plume in the case that pumping rates do not exceed I.5 gpm. 

3.3 Pilot Test 

All groundwater extracted during the 72-hour pump test was pumped through an on-site pilot- 

scale treatment system before being discharged to the sanitary sewer system. The p,ilot-scale 

system consisted of: an oil/water separator, surge tank, low profile tray type air stripper, and 

activated carbon contractor. The objectives of the pilot test were to evaluate the remedial 

technologies’ performance in meeting the site-specific clean-up goals for this site. 

Samples were collected every 12-hours from three locations on the pilot-scale system during 

the test: influent to the air stripper, effluent from the air stripper, and the effluent. from the 

activated carbon unit. A total of seven samples (plus one duplicate) was collected at. each of 
.-m 

,/@- 
these locations. These samples were analyzed for VOCs and metals. In addition, samples 

collected at the beginning and at the end of the test were analyzed for the following 

sq 
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conventional parameters: oil and grease, ammonia, bicarbonate, carbonate, chlorides, total 

dissolved solids, total suspended solids, hardness, and nitrate/nitrites. One set of samples 

collected prior to and after the activated carbon unit were tested for whole effluent toxicity. 

The analytical results of the pilot test samples demonstrated that an air stripper can 

effectively remove the VOCs of concern, at the concentrations detected during the test, from 

the groundwater. The sampling results are presented in Section 5.0 of the Treatability Study 

Report. In addition, a table will be included in Section 4 that summarizes the VOC sampling 

data used to design the air stripper. 

To address concerns about the ability of the air stripping system to remove higher VOC 

concentrations, modeling data was obtained from manufactures to predict the removal 

capabilities of the air stripper system. This information is presented in Section 4.0. 

.m 
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4.0 CONCEPTUAL DESIGN 

The new treatment system to be installed for remediation of the shallow aquifer at the HPIA 

site includes: groundwater recovery, treatment, and discharge to the Hadnot Point STP. 

There will be two on-site treatment systems, each capable of treating up to 80 gpm of 

groundwater from two separate grids of recovery wells. Details of the three major components 

of the system (groundwater recovery, groundwater treatment, and treated effluent discharge) 

are provided in the following subsections and a schematic is shown on Figure 4-1. In addition, 

Table 4-1 is a summary of the Basis of Design information for the new treatment system. 

Appendix E contains design calculations and Appendix F contains the manufacturer’s catalog 

information for the major equipment items for the groundwater recovery and treatment 

system. 

Following a reviewing of the treatability and pilot test information, and discussions with 

LANTDIV, USEPA and North Carolina DEHNR, it was determined that additional data was 

needed to supplement the pilot test data in order to determine the air stripper design 

parameters. In addition, liquid phase carbon polishing was determined to be necessary as a 

final treatment step. Therefore, the sampling data presented in Table 2-1 was analyzed to 

determine maximum, 95th percentile, and average anticipated VOC influent concentrations. 

Using this information, effluent concentrations from the air stripper were determined using 

vendor modeling programs. This information is summarized on Table 4-2 and shows that the 

air stripper should be capable of removing the maximum VOCs detected from previous 

sampling. 

The 95th percentile calculation was based on USEPA’s “Supplemental Guidance to BAGS: 

Calculating the Concentration Term” (USEPA, Publication 9285.7-081, May 1992). The 95th 

percentile is calculated as follows: 

- 

p95 
=x +t 

Where: P95 = 95th percentile 
- 
x = mean of the data 

S = standard deviation 

t = Student-t statistic (e.g., from table published in Gilbert, 1987) 

n = number of samples 

a--% 
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TABLE 4-l 

BASIS OF DESIGN INFORMATION 
INTERIM REMEDIAL DESIGN FOR THE SHALLOW AQUIFER AT THE HADNOT 

POINT INDUSTRIAL AREA OPERABLE UNIT 

I. GENERAL SYSTEM DESCRIPTION 

Two 80 gpm on-site groundwater treatment systems designed for the removal of TCE, DCE, 
and benzene. Each system will consist of: groundwater recovery wells with individual 
groundwater pumps (five wells at southern area, four wells at northern area); polymer feed 
system, oil/water separator; flocculation tank, solids settling tank, multi-media sand filters, 
low profile air stripper; and related transfer pumps and controls for automatic operation; 
cartridge filters; carbon adsorbers. The sludge handling system at each site will consist of a 
solids holding tank, with supernatant drawoff; and a plate and frame dewatering press. 

II. GROUNDWATER RECOVERY SYSTEM 

1. Recovery Wells 
Minimum Number: 4 
Minimum Diameter: 6 inches 
Depth: 35 feet 

2. Pumping System 

%w: Pneumatic Ejector 
Components: Groundwater Recovery Pump (l/well) 

Remote Air Valve Assembly (l/well) 
Duplex Air Compressor with ASME Stamped Air Tank 

Well Enclosure: Below Grade Concrete Wellhead Vault 

3. Piping System 
Components: Schedule 80 PVC Casing Pipe with Schedule 40 HDPE Carrier 

Pipe 

HI. GROUNDWATER TREATMENT SYSTEM 

1. Polymer Feed System 
Number: 1 
Capacity: 0.01 to 1.0 gallon per hour 

2. Oil/Water Separator 
Number: 1 
Capacity: 80 g-pm 
Type: Slant Rib Coalescing 
Coalescing Area: Approx. 1500 square feet 

3. Flocculation Tank 
Number: 
Capacity: 
Accessories: 

1 
1,200 gallons 
Adjustable Speed Mixer/Agitator 

ŝr 
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TABLE 4-1 
BASIS OF DESIGN INFORMATION 
PAGE 2 

4. Recovered Product 
Storage Tank 

Number: 1 
Capacity: 250 gallons 
Accessories: Product Level Gage 

5. Influent Surge/Settling Tank 
Number: 1 
Capacity: 2,500 gallons 
Accessories: Level Control Floats 

6. Air Stripper 
Number: 1 
Capacity: 80 gpm 

Type: Low Profile 
Material of Constr: Stainless Steel 
Accessories: 2,40 g-pm Feed Pumps; and 2,40 g-pm Discharge Pumps; 7-W HP, 

900 SCFM Blower, Control Panel with Pump Level Controls; 
Alarm Interlocks; Motor Starter 

7. Multi-Media Sand Filters 
Number: 
Capacity: 
Accessories: 

8. Carbon Adsorbers 
Number: 
Capacity: 
Carbon Capacity: 
Accessories: 

9. Solids Holding Tank 
Number: 
Capacity: 
Accessories: 

10. Dewatering Press 
Number: 
Type: 
Capacity: 
Accessories: 

2 
100 gpm 
Backwash Controls 

2 
100 gpm @ 100 psi 
2,500 lb/unit 
Backwash Controls 

1 
2,500 gallons 
Level Control Floats, Supernatant Decanting Piping 

1 
Plate and Frame 
3.3 cubic feet 
Automatic Sludge Feed Cont.rols and Sludge Feed Pump 

A 
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TABLE 4-2 

SUMMARY OF SAMPLING DATA FOR VOC 

CONTAMINANTS OF CONCERN DETECTED 

IN TIIE SIIALLOW GROUNDWATER AQUIFER 

- 

NC Water Quality 

Criteria for GW 

Wl) 

Federal Drinking 

Water MCLs 

0%~~) 
Minimum Cone, 

Detected (ug/l) 

(Jan. 1991 Data) 

Average Cont. 

(w/l) 
(Cal. From Jan. 1991 Data) 

95th Percentile** 

Value (ugll) 

(Cal. From Jan. 1991 Data) 

Maximum Cont. 

Detected (ug/l) 

(Jan. 1991 Data) 

Estimated Effluent Cont. 

From Air Stripper Based 

On Ave. Influent Conc.(ug/l) 

Estimated Eflluent Cont. 

From Air Stripper Based 

On 95% Influent Conc.(ug/l) 

Estimated Effluent Cont. 

From Air Stripper Based 

On Max. Influent Conc.(ug/l) 

Estimated Effluent Cont. 

From Carbon Unit Based 

On Max. Influent Conc.(ug/l) 

Benzene 1,2-DCE TCE 

1 -_ 2.8 

5 70 5 

<5 <5 <2 

288 1868 646 

856 4932 1677 

Vinyl Chloride - 

0.015***“* 

- 

2 

- 

270* 

- 

325* 

- 

*** 

- 

7900**** 42000 14000 360* 

- 

<l <l <I <1 

- 

<l <l <l <l 

- 

2 41 <l <1 

- 

<I <l <l <l 

- 

* Feb. 1993 Sample 

** 95th percentile value was calculated from 28 samples taken in Jan. 1991, and is based 

on “Supplemental Guidance to RAGS : Calculating the Concentration Term” (USEPA, hlsy 1992) 

*** 95th percentile not calculated 

**** This concentration detected at Site 22, which is a UST site 

***** Note that GW criteria for vinyl chloride cannot be detected, use 1 ugll as GW criteria 

4 
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Preliminary data from samples collected May 1993 was also reviewed to verify that the air 

stripping system should be capable of removing the maximum concentrations detected, since 

these concentrations were less than those previously detected. 

4.1 Groundwater Recovery and Pumping System 

Initially, the system will be designed to extract groundwater from four recovery wells 

installed into each of the two contaminant plumes. Based on the results of the pump test and 

pilot test, the radius of influence was determined to be approximately 250 feet for the installed 

recovery well. Therefore, it is proposed to locate four recovery wells in the north plume and 

five recovery wells in the south plume in a configuration that is located along the lea.ding edge 

of the plume, at a spacing of 400 feet, as shown on Drawings C-l and C-3 of the Contract 

drawings. These well field configurations will provide for recovery of contaminated 

groundwater from each of the two plumes as the plumes migrate to the southwest, and will 

prevent the plumes from migrating further in the direction of the hydraulic gradient. These 

proposed recovery well locations also allow for construction of the initial wells and the 

collection piping in locations where fewer conflicts with other utilities would be encountered. 

Each of the recovery wells will be a minimum of 6-inches in diameter and will be installed to a 

depth of approximately 35 feet below the ground surface. The bottom 25 feet of each well will 

be screened with 20 slot wire wrap stainless steel screen. The added depth of the recovery 

wells (35 feet versus the pilot test well depth of 25 feet) is intended to improve the 

groundwater recovery rate of the wells. The design will include provisions for installing 

additional recovery wells based on the results of monitoring conducted after the system is 

operating. 

An air operated pump with an individual pump controller will be installed in each. recovery 

well. The recovery pump will lift the contaminated groundwater from the well and pump it 

through a Z-inch HDPE header to the treatment system. This header and the associated air 

supply tubing will be placed in a PVC casing pipe, which will be installed approximately 3 feet 

below grade and located to avoid other underground utilities. 

4-h 
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4.2 Groundwater Treatment System 

A treatment system will be located within the area of each plume (See Drawings C-l and C-3). 

Each treatment system will be designed for an ultimate flow capacity of 80 gpm, assuming a 

maximum of 16 recovery wells (at 5 gpm per well). The treatment systems are designed to 

produce an effluent that meets NC groundwater standards, as listed in Table 3-1. Each 

treatment system will consist of the following components: 

The groundwater will flow to an oil/water separator for the removal of any floating oils, and 

settleable solids or oily wastes that are heavier than water. The oil/water separator system 

will include a 250 gallon holding tank for the storage of the extracted free product. Settled 

solids will be transferred to a sludge holding tank. 

A chemical feed system consisting of a polymer feed pump and a flocculation tank will be used 

to form a floe to aid in solids and suspected metals removal. 

A 

The effluent from the flocculation tank will flow to a surge/settling tank with a capacity of 

approximately 2,900 gallons. This tank will have a circular divider wall which will separate 

the tank into a center settling zone and a perimeter holding zone to provide surge storage. The 

tank will have a sloped or conical bottom to allow for the removal of additional solids that will 

settle in this tank. Based on the results of the bench-scale tests, this arrangement should 

provide sufficient detention time for suspended metals removal. 

The air stripper infiuent pumps will transfer groundwater from the surge!settling tank 

through two multi-media filters, then to the low profile, tray type air stripper for removal of 

volatile organic contaminants. The low profile air stripper is sized to remove t.he VOCs of 

concern at the maximum influent concentrations detected in previous sampling. Table 4-2 

shows the minimum and maximum VOC concentrations detected, and the estimated effluent 

concentrations from the air stripper. 

Two air stripper eMuents pumps will pump groundwater to two cartridge filters that are 

designed to remove any suspended solids prior to the liquid phase carbon adsorbers. 

Two liquid phase carbon adsorbers will be installed to operate in parallel. Each carbon unit 

will have a capacity of 80 gpm, and will have a backwash system. The two liquid-phase carbon 

adsorption units are designed with bypass piping so that the units do not have to run 

h 4-7 



continuously. In normal operations, the carbon system will be bypassed and effluent from the 

air stripper will be pumped through the cartridge filters to the backwash tank. The carbon 

units will only be used if routine testing shows that effluent concentrations for the 

contaminants of concern exceed North Carolina groundwater standards, or Federal drinking 

water MCLs, or are above detection limits, if no standard exists. 

Solids generated during the treatment process will be pumped to a conical bottom 2,500 gallon 

sludge holding tank. The sludge will be dewatered with a plate and frame press; the filtrate 

water will be pumped back to the head of the treatment system. 

4.3 Discharge to Hadnot Point STP 

h 

The treated groundwater from each system will be pumped to the sanitary sewer for discharge 

to the existing biological treatment system at the Hadnot Point STP. The capacity of the 

existing sewers was evaluated by Baker (see the Treatability Study Report), and was found to 

have sufficient capacity to carry the additional maximum flow of 80 gpm from each treatment 

system. 

4.4 Dewatered Sludge and Waste Oil Disposal 

The dewatered sludge will be tested via the Toxicity Characteristic Leaching l?rocedure 

(TCLP) to determine if the sludge is considered a hazardous waste. If the sludge passes the 

TCLP test, it will be sent to a licensed nonhazardous waste landfill. If the sludge fails the 

TCLP test and is, therefore, considered hazardous, it will be transported to a licensed 

hazardous waste landfill for proper disposal. 

Collected waste oil will be sent to a waste oil recycling or reclamation facility. 
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NONEQUILIBRIUM WELL EQUATION 

Theis developed the nonequilibrium well equation in 1935. The Theis equation was 
the first to take into account the effect of pumping time on well yield. Its derivatioin 
was a major advance in groundwater hydraulics. By use of this equation, the 
drawdown can be predicted at any time after pumping begins. Transmissivity and 
average hydraulic conductivity can bedetermined during the early stages ofa pumping 
test rather than after water levels in observation wells have virtually stabilized. Aquifer 
coeffkients can be determined from the time-drawdown measurements in a single 
observation well rather than from two observation wells as required in Equations 9.3 
and 9.4. 

Derivation of the Theis equation is based on the following assumptions: 
I. The waler-bearing formation is uniform in character and the hydraulic conduc- 

tivity is the same in all directions. 
2. The formation is uniform in thickness and infinite in areal extent. 
3. The formation receives no recharge from any source. 
4. The pumped well penetrates, and receives water from, the full thickness of the 

water-bearing formation. 
5. The waler removed from storage is discharged instantaneously when the head 

is lowered. 
6. The pumping well is IOO-percent efficient. 
7. All water removed from the well comes from aquifer storage. 
8. Laminar flow exists throughout the well and aquifer. 
9. The waler table or potentiometric surface has no slope. 
These assumptions are essentially the same as those for the equilibrium equation 

except that the waler levels within the cone of depression need not have stabilized 
or reached equilibrium. 

In its simplest form, the Theis equation is: 

s = 114.6 Q W(u) 
T 

where 
s = drawdown, in ft. at any point in 

the vicinity of a well discharging 
at a constant rate 

Q = pumping rate. in gpm 
T q coefficient of lransmissivity of 

the aquifer, in gpd/ft 
W(u) = is read “well function of u” and 

represents an exponential 
integral 

In the W(u) function, u is equal to: 

I .87r2S 
u=--i7-- 

s = I Q W1r) 
47r T (9.5) 

where 
s = drawdown. in m. at any point in 

the vicinity of a well discharging 
at a constant rate 

Q = pumping rate. in m?/day 
T = coefficient of transmissivity of 

the aquifer. in rn’! day 
IV(u) = is read “well function of U” and 

represents an exp0nentia.l 
integral 

r:S 
u=4Tr 

where where 
r = distance, in ft. from the center of a r = distance. in m. from the center of a 
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pumped well to a point whet-c the pumped well to a point where the 

drawdown is measured drawdown is measured 
S = coefficient of storage (dimensionless) S = coefficient of storage (dimensionless) 
T= coefficient of transmissivity. in T= coefficient of transmissivity. in 

spdlft m2/day 
I = time since pumping started, in days I = time since pumping started. in days 

The well function of u [ W(z!)] originated as a term to represent the heat distribution 
in a flat plate with a heating element at its center. Theis recognized that this same 
concept could be applied to the regular distribution of the groundwater head around 
a pumping well even though water flows toward the point source rather than away 
from it. The mathematical principles remain the same. 

Analysis of pumping test data* using the Theis equation can yield transmissivity 
and storage coefftcients for all nonequilibrium situations. In actual practice, however, 
the Theis method is often avoided because it requires curve-matching interpretation 
and is somewhat laborious. In fact, the work of applying the Theis method can be 
avoided in most cases. For example, if the pumping test is sufficiently long or the 
distance from the well to where the drawdown is measured is sufftciently small, the 
W(u) function can be replaced by a simpler mathematical function which makes the 
analysis easier. The Theis method is developed at the end of this chapter, but at this 
point the simplified version is examined because it serves well in most cases. 

MODIFIED NONEQUILIBRIUM EQUATION 

In working with the Theis equation, Cooper and Jacob (1946) point out that when 
u is sufficiently small, the nonequilibrium equation can be modified to the following 
form without significant error: 

s:yQ]og~ $. = !$Q log 22$ (9.6) 

where the symbols represent the same terms as in Equation 9.5 and 9Sa. 
For values of u less than about 0.05, Equation 9.6 gives essentially the same results 

as Equation 9.5. The value of u becomes smaller as r increases and r decreases. Thus, 
Equation 9.6 is valid when I is sufficiently large and r is sufficiently small. Equation 
9.6 is similar in form to the Theis equation except that the exponential integral 
function, W(u), has been replaced by a logarithmic term which is easier to work with 
in practical applications of well hydraulics. 

For a particular situation where the pumping rate is held constant, Q, r, and S are all 
constants. Equation 9.6 shows, therefore, that the drawdo\vn, s, varies with log t/r’ when 
u is less than 0.05. From this relationship, two important relationships can be stated: 

1. For a particular aquifer at any specific point (where r is constant), the terms s and 
t are the only variables in Equation 9.6. Thus, s varies as log C,(, where C, represents 
all the constant terms in the equation. 

2. For a particular formation and at a given value of I, the terms s and r are the 

*The performance of newly completed wells is often checked by pumping tests. During the test. the draw- 
down in the pumping well and observation wells is measured at a constant discharge rate. When properi? 
conducted, these tests yield information on transmissivity and storage capability. See Chapter 16 for a 
detailed analysis of pumping test procedures. 



b B 

NX 10-l 

33.961( 

33.491( 

33. I28t 
33.086 I 
;;.;cM; 

32:96%! 

:::%; 

7q 
1.0 
I .I ...... 
1.2 ...... 
1.3 ,.,.‘., 
1.4 ....... 
1.5 ....... 
I .6 ....... 
1.7 ....... 
1.8 ....... 
1.9 ....... 
f.‘: 
-. 

. ..::;. 

... . 
1.2 ....... 
1.3 ....... 
2.4 ....... 
1.5 ....... 
I.6 ....... 
!.7 ....... 
!.8 ....... 

i:: ::::::: 
I.1 ....... 
1.2 ....... 
1.3 ....... 
1.4 ....... 
1.5 ....... 
1.6 ....... 
i.7 ....... 
L; ....... 

.. . ::::::: 

:: ::::::: 
.3 ....... 

:4s ::::::: 
.6 ....... 
.7 ....... 
.8 ....... 
.9 ....... 
0 ....... 
I ....... 

s2.5753 

2.3323 

NX lo-’ 

31.659( 

30.465 I 

:Ess: 
3013780 

3E2 
SO:2980 
30.2727 
30.2480 

Fis%:: 
so: I774 

SO.0697 
0.0495 
0.0297 

APPENDIX 9.E. 
Values of W(U) Corresponding to Values of I( for Theis Nonequilibrium Equation 

NXlO-’ 

29.0941 
29.0195 
y;! 

28.825; 

28.5235 
28.4805 
28.4401 
28.4005 
28.3631 

2%:: 
1719701 

f:;;:; 
i7:s97a 
l7.8748 
17.8523 
i7.8303 
L7.8088 
!7.7878 
0.7672 
7.7470 
7.7271 

NXIO-’ 

:;99253: 
2518907 

L5.4852 
!5.4646 
5.4444 
5.4246 

NX IO-’ 

24.0581 
24.0092 

i;:;g 
i3.2471 
!3.2252 
!3.2037 
!3.1826 
!3. I620 
3.1418 
il2iO 

NX IO-’ 

22.448( 

:t%:: 
21:2547 

, 

I I .0376 
!I.0136 ; 

: 
i 

ii 
i 

2 

:, 
21 

!o.aaoo 

‘i% 
0:8194 

NX 10 

20.146 

:% 
19:883 
19.809 

19.452' 
19.404 
19.3571 
19.313 
19.2701 

) ;:;g 

l9:1521 

i %! 
19:047; 

17.581 I 

f :.% 
I713735 

f ;:::; 
17:2016 
I 7. I503 

16.8880 

6.3174 

3:; 
6:2S42 

NXIO- 

15.35% 
IS.278 
15.204, 
15.135, 
15.070’ 

t i% 
14:899t 
I 4.847’ 

X82! 
14:708; 
14.6651 
14.624t 
14.585‘ 
14.5476 
14.51 I: 
14.476: 
14.442: 
14.4095 
y;; 

14:3171 
14.2881 

12.2828 

/ 5% 

I;.;;;; 

I2:lobs 
2.0751 
2.0444 

::%: 
1.9574 
I.9300 

1‘%89 
14.0823 I .7797 

I.609 I 

NX IO- 

13.238 
13.1431 

1% 
12:901: 
12.8321 
12.7681 
12.707’ 
12.650: 
12.5961 
12.545: 
12.496~ 

NX lo- 

10.935 
10.840, 
IO. 753, 
10.673~ 
10.599. 
10.530. 
10.465’ 

f%:: 
10.293; 

tE:I 
10:147: 
;;g;f 

10:019L 
9.980; 
9.942’ 
9.9061 

%i 
9:8043 

f% 
a:3065 

NX 10 

8.633 
a.537 
8.450 

E;: 
81227, 
8.163, 

7.844! 
7.8001 

NX IO- 

6.331: 
6.236: 
6.1494 
6.069! 
S.995! 

NX 10. 

4.037’ 
3.9431 

::% 
3.705; 
3.637~ 

::::431 
3.458i 
3.405c 
3.354; 

:::g: 

:Es 
3: 1365 
3.0983 

::%: 

N 

0.2194 
.I%60 
.I584 

:I:;; 
.I006 
.0863 I 
.07465 
.0647 I 
.05620 

:%‘: 

:g:; 
.021i44 
.0249 1 
.02 185 
.01918 

:Oot fi;!! 
.o I305 
.Ol I49 
.01013 

:i%f 
so06970 

:%:15! 

:E% 

:ii:::; 

:%% 

:i%iE 
.001841 

,%465335 
001291 

%?I;; 



Appendix 9.E. Continued 

x 
5.2 ...... 
5.3 ...... 
5.4 ...... 
5.5 ...... 
5.6 ...... 
5.1 ...... 
5.8 ...... 
5.9 ...... 
6.0 ...... 
6. I ...... 
6.2 ...... 
6.3 ...... 
6.4 ...... 

E ............. 
6.7 ...... 
6.8 ...... 

% ............. 
7. I ....... 
7.2 ...... 

::: ::::::: 
1.5 ....... 
1.6 ....... 
7.7 ....... 
7.8 ....... 
7.9 ....... 
0.0 ....... 
8 I ....... 
5.2 ....... 
5.3 ....... 
5.4 ....... 
9.5 ....... 
4.0 ....... 
9.7 ....... 
3.8 ....... 
3.9 ....... 
3.0 ....... 
;.; :::.: . . 

i3 -:.:: 
?.4 ....... 
I.5 ....... 
I.6 ....... 

NX IO- 1 NX IO-’ NX IO-’ 

3o.010: 
29.991: 
29.9126 
29.954; 

Et; 
29:901i 

:w 
29:8507 
29.8344 
29.8184 
29.8027 

29.7215 
29.7131 

f EE 
29:671l 

f E2: 
2916308 
29.6178 

fX 
29.5795 
29.5611 
29.5548 
29.5427 
29.5307 
19.5189 
lO.5072 
29.4957 
l9.4842 
x9.4729 
ym; 

i9:4398 
;;.~‘a;; 

i9:4077 
L9.3972 

NX IO-‘: NX 10-l NX IO-” NX IO-’ NX 10-e NX IO-’ NX IO-’ 

1.589( 
1.57ot 
1.551! 

I:% 
1.4971 
1.480r 

1.1714 
I.1589 

K$; 
1:1220 
1.1101 
1.0982 
1.0865 
1.0750 

f%: 
I:0411 

NX 10-t 

El 

;:;;:i 

9.16Ot 

;;;;I 

9:1112 
9.095; 
9.0791 

k%: 
8:8076 
8.7957 
8.7840 
8.7725 

8.6845 
8.6740 

NX 10’ 

6.985c 

2% 

2%; 
618932 

s.E 
6:8420 
6.8254 

%E 
617775 

EF 
617311 
6.7169 

i%:; 
616737 
6.6598 

6.5798 
6.5671 

NX lo-: 

4.6871 
4.6681 
4.6495 

z::: 
415958 

::i;: 
415448 
4.5283 
4.5122 
4.4963 
4.4806 
4.4652 

4.2591 

:t::: 
412226 
4.2107 
4.1990 
4.1874 
4.1759 
4.1646 

N X IO-‘, 

27.707; 
27.688: 
27.67Ot 
27.6511 
27.6336 
27.6155 
27.5985 
27.5814 

21.3282 
27.3152 

Xi: 

27.2163 
Z7.2046 
17.1931 
Z7.1816 
x7.1703 
Z7.1592 
17.1481 

I:. I :;: 
!7:1157 
E7.1051 
!7.0946 

N NX IO- 

25.4051 
25.3861 
25.3674 

Xd 

:x 
2512784 

25.0257 

L4.9256 
!4.9137 
t4.9020 
!4.8905 
E4.8790 
t4.8678 
t4.8566 
l4.8455 
y;;i 

i4:8131 
!4.8025 
!4.7920 

;;.;3l;; 

321275; 
32.2568 

::%f 
32:2037 

:::f% 

31.9601 

3f.E 
31:9203 

;I%': 
)I:8821 

xi 
>I:8453 
11.8333 
)I.R21S 
~I.XO')H 
11.7982 
31.7868 
31.7755 
11.7643 

Il.h9OH 

2.430( 
2.4126 

%I 
2:360: 
2.343; 
2.327: 
2.3111 

18.4974 
18.4783 
IS.4596 
y;; 

18:4056 
18.3882 
18.3711 

I%:! 
IS:1179 

18.0419 

i E:;: 
I8:0060 
17.9943 
17.9827 
17.9713 

7.8843 

16.1948 
16.1758 
16.1571 
16.1387 
16.1207 
16.1030 
16.0856 

15.8153 
15.8022 

I xi 
Is:7640 

j ::;:fi; 
15.7272 
;;.;n;: 

5:6917 
,5.6801 

::E 
23.064; 

22.6971 

;:%i 
12:6594 
12.6471 
22.6350 

i::;::; 
i2.5995 
l2.5879 
t2.5765 
t2.5652 

!2.4999 
!2.4895 

20.800( 
20.7805 
20.7621 
20.7435 

20.5171 
20.5027 

:i%i 
2Oi608 

20.2969 
20.2853 
20.2739 

20.2079 
20.1973 
20.1869 

.536: 

.525( 

.514( 

.5031 

:.%i 

:442 ; 
.454r 

22; 

:%I 
.411! 
.403f 

::;g 
.3SlC 

::Z: 

:::;4 

::1:: 
.3341 
.3280 
.3221 

::I:: 
.3050 

::;2 
.2891 

:% 
.2742 

:::2 

::t;: 
.2513 
.2470 
.2429 

::::: 

.0009086 

.0008086 

:E% 
mO5708 
.0005085 

:E%i 

:EE1 
.00@2864 
.0002555 

:2%:49 
.0001816 
.0001621 
.0001448 

:%Z: 
.ooO1032 

:Ei::; 

:tE% 

:%EE 

:%E% 
.OCQO3767 

:E%%:: 
.00002699 

:%%;I!: 
.00001936 

:E% 

:ZfE! 
.OoOO1115 

:EtS%E~ 

:Et:;; 
.000006439 

13.8922 
13.8732 

f E: 
13:8181 
13.8004 

t Et 
13:7491 

t :.::t; 
13:7003 

13.5260 
13.5127 

t EZs7 
13:4740 
13.4614 
13.4490 

13.3776 
13.3661 

13.2791 



a 

Appendix 9.E. Continued 

NOTE: See page 218 for Theis equation and definitions of terms. 
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Values of W(uJ for u between 1 X IO-” and 1 X 10-l computed by R.G. Kazmann assisted by M.M. Evans, U.S. Geological Survey: values for u between I X IO- ’ and 9.9 
adapted from Tables of Exponential and Trigonometric Integrals. 

From Water Supply Paper 887, U.S. Geological Survey, 1942. 



RW-1 

log t (min) 

-3.00 -2.00 -1.00 0.00 1 .oo 
0.92 

2.00 
1 .oo 

-0.08 0.00 5 
G ul 

d w 
C. 

9 
-, 
2, 

3 -1.08 -1 .oo 

-2.08 
-2.47 -1.47 

-2.00 
-0.47 0.53 1.53 2.53 

log 1 /Ua 

0 - Data 
+- Type Curve 

Unconf. Elastic: beta = 0.00 1 

MATCH POINT SOLUTION 

t = 1 .OOOE-0002 Transmissivity (T) = 1.429E+0002 gpd,‘ft 
s = 1 .OOOE+OOOO Hydraulic Conductivity (K) = 5.718E+OOOO gpd/sq ft 
1 /Ua = 3.388E-0002 Storativity (S) = 6.267E-0002 
Wa, 8) = 8.3 18E-000 1 

WELL INFORMATION 

WELL IDENTIFICATION RW-1 
IATE OF AQUIFER TEST l/93 
AQUlf ER THICKNESS (b) : 2.500E+OOOl ft 
ISCHARGE RATE (Q) : 1.500E+OOOO gpm 
‘UMPING WELL RADIUS (r) : 2.500E-0001 ft 
ISTANCE OF OBSERVATION WELL FROM PUMPING WELL (d) : 2.500E-0001 ft 



!  

0.6 1 

-0.39 
22 
6 

g 

F -1.39 

log t (min) 

-2.39 ’ I I I I ’ -3.70 -2.70 
-1.70 

-3.00 
-0.70 0.30 1.30 

I I 
log l/U0 

0 - Data 
I-- Type Curve 

Unconf. Elastic: beta = 0.00 1 

MATCH POINT SOLUTION 

t = 1 .OOOE+OOOO Transmissivity (T) 
= 1 .OOOE-000 1 

= 7.00 1 E+0002 gpd,‘ft 
S 
1 /Ua = 1.995E-0003 

Hydraulic Conductivity (K) = 2.800E+OOO 1 gpd/sq ,ft 

W(Ua, B) 
Storativity (S) = 4.156E-0002 

= 4.074E-000 1 

WELL INFORMATION 

WELL IOENTIFICATION P-l 
DATE OF AQUIFER TEST 

AQUIFER THICKNESS (b) 
l/93 

: 2.500E+OOOl ft 
DISCHARGE RATE (Q) 
PUMPING WELL RADIUS (r) 

: 1.500E+OOOO gpm 
: 8.300E-0002 ft 

DISTANCE OF OBSERVATION WELL FROM PUMPING WELL (d) : 2.800E+OOOl ft 

I 

! 



h 

P-Z 

log t (min) 

-1.00 0.00 1 .oo 2.00 3.00 4.00 

0.32 
22 
6 

9 

$ -0.68 

1.32 - 

-1.68 - 

I I I I 

Match 
Point IxI 

- 1.00 

0.00 6 
M 
u) 
2 
cc. 

-1 .oo 

-2.00 
-3.0 1 -2.0 1 -1.01 -0.0 1 0.99 1.99 

log 1 /Ua 

0 - Data 
+ - Type Curve 

Unconf. Elastic: beta = 0.00 1 

MATCH POINT SOLUTION 

t = 1 .OOOE+OOOO Transmissivity (T) = 3.59 1 E+0002 gpd/ft 
S = 1 .OOOE+OOOO Hydraulic Conductivity (K) = 1.436E+OOO 1 gpd/sq ft 
1 /Ua = 9.772E-0003 Storativity (S) = 9.508E-0004 

W(Ua, 8) = 2.089E+OOOO 

I 

1 
-I 

WELL INFORMATION --j 

WELL IDENTIFICATION P-2 
3ATE OF AQUIFER TEST l/93 
AQUIFER THICKNESS (b) : 2.500E+OOOl ft 
YSCHARGE RATE (0) : 1.500E+OOOO gpm 
‘UUPING WELL RADIUS (r) : 8.300E-0002 ft / 
YSTANCE OF OBSERVATION WELL FROM PUMPING WELL (d) : 5.990E+OOO 1 ft I 





I ! 

HADNOT POINT SHALLOW AQUIFER REMEDIAL DESIGN 05922255 

PROJECT TABLE OF CONTENTS 

DIVISION 00 -- DOCUMENTS 

r” 
00101 INSTRUCTIONS TO BIDDERS (CONSTRUCTION CONTRACT) 

DIVISION 01 -- GENERAL REQUIREMENTS 

p” 

01010 GENERAL PARAGRAPHS 
01011 ADDITIONAL GENERAL PARAGRAPHS 
01300 SUBMITTALS 
01400 QUALITY CONTROL 
01560 ENVIRONMENTAL PROTECTION 
01561 EROSION AND SEDIMENT CONTROL 
01730 OPERATION AND MAINTENANCE DATA 

DIVISION 02 -- SITE WORK 

02050 DEMOLITION AND REMOVAL 
02220 EXCAVATION, BACKFILLING, AND COMPACTING FOR UTILITIES 
02571 PAVEMENT REMOVAL AND REPLACEMENT 
02610 GRAVEL PAVING (VA & NC) 

A\ 02661 EXTERIOR WATER DISTRIBUTION SYSTEM (MINOR CONSTRUCTION) 
02730 EXTERIOR SANITARY SEWER SYSTEM 
02900 GROUNDWATER RECOVERY SYSTEM 
02901 GROUNDWATER TREATMENT SYSTEM 

\ 
DIVISION 03 -- CONCRETE 

144 

03302 CAST-IN-PLACE CONCRETE (MINOR CONSTRUCTION) 

DIVISION 05 -- METALS 

n* 

A 

05500 METAL FABRICATIONS 
05510 MOVABLE OPERATIONS PLATFORM 

DIVISION 09 -- FINISHES 

09900 PAINTING 

DIVISION 11 -- EQUIPMENT 

11300 POLYMER FEED SYSTEM 
11302 PACKED, GRAVITY OIL/WATER SEPARATOR 
11303 PUMPS: WATER, CENTRIFUGAL 
11304 FLOCCULATION TANK AND APPURTENANCES 
11305 SURGE/SETTLING TANK AND APPURTENANCES 
11306 MULTI-LAYER SAND FILTERS 
11307 LOW PROFILE AIR STRIPPER PACKAGE 
11308 CARTRIDGE FILTER UNITS 
11309 CARBON ADSORBERS 
11310 BACKWASH TANK AND APPURTENANCES 
11311 SLUDGE HOLDING TANK AND APPURTENANCES 
11312 DEWATERING PRESS 
11313 POSITIVE DISPLACEMENT PUMPS 

PROJECT TABLE OF CONTENTS PAGZ 1 



HADNOT POINT SHALLOW AQUIFER REMEDIAL DESIGN 05922255 

!f-- 11315 PNEUMATIC PUMPING SYSTEM 
11347 OIL STORAGE TANK 

F=. DIVISION 13 -- SPECIAL CONSTRUCTION 

13121 PREENGINEERED METAL BUILDINGS 
13321 FLOW MEASURING EQUIPMENT 

DIVISION 15 -- MECHANICAL 

15011 
15200 
15400 
15487 
15501 

A 15620 
15871 
15895 
15996 

MECHANICAL GENERAL REQUIREMENTS 
NOISE, VIBRATION, [AND SEISMIC] CONTROL 
PLUMBING SYSTEMS 
COMPRESSED AIR SYSTEM 
HEATING, VENTILATING, AND COOLING SYSTEMS 
UNIT HEATERS AND INFRARED HEATERS 
INDUSTRIAL VENTILATION AND EXHAUST SYSTEMS (DUCTS AND FANS) 
DUCTWORK AND DUCTWORK ACCESSORIES 
TESTING/ADJUSTING/BALANCING: HEATING/VENTILATING/COOLING SYSTEMS 

DIVISION 16 -- ELECTRICAL 

16011 ELECTRICAL GENERAL REQUIREMENTS 
16370 OVERHEAD ELECTRICAL WORK 
16402 INTERIOR WIRING SYSTEMS 
16510 INTERIOR LIGHTING 

-- End of Project Table of Contents -- 

PROJECT TABLE OF CONTENTS PAGE 2 



i_ 1 

rrs -. 

r” 

_ _ 

a 

Q. 

, 

4 

j 

., 

4 

. 
;̂ 

P 
, 

^er, 

4 

.j 

Sam 

f 

, 

A I 

- Appendix C 
‘_ ‘Preliminary Constructioti Cost Estimate 

rrq ‘, C’ - I 
r‘, 

\ I ,’ ‘_ 
, 4 



Summary Report 

Work Breakdown 

Final 

PROJECT: Hadnot Point Shallow Aquifer Remedial Design 

LOCATION: MCB Camp Lejeune, North Carolina 

PROJECT SIZE: 1 .O LS 

AUTHORIZED CONSTRUCTION FUNDS: 

Account 

Number ENVIRONMENTAL 

33.01 

33.02 

33.03 

33.06 

33.13 

33.18 

33.20 

33.21 

Mobilization and Preparatory Work 

Monitoring, Sampling, Testing and Analysis 

Site Work 

Ground Water Collection and Control 

Physical Treatment 

Disposal (Other than Commercial) 

Site Restoration 

Demobilization 

APPENDIX C 

Printing Date: 06/21/93 

Database Use 09/02/91 

ENGINEERING ESTIMATE 

WBS 

UNITS 

Subtotal Environmental 

Construction Contingency (20%) 

U/M 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

COSTjWBS 

UNIT 

($) 

329,173.20 

Total Estimate Contract 

Total Estimate Contract (Rounded) 

CAT CODE: 

UIC: 

DATE OF ESTIMATE: 

BID DATE: 

TOTAL TOTAL 

MU MATL MU LABOR 

COST ($) COST ($) 

2,650 32,751 

0 6,230 

67,968 22,001 

42,073 70,936 

TOTAL TOTAL 

MU EQUIP CONTRACT 

COST 6) COST ($4 

6,163 

55,250 

82,650 

63,205 

0 0 0 

55 1,114 156 

1,000 6,314 5,411 

41,763 

61,480 

152,620 

176,2& 

329,t:m 

@ 

1,324 

12,725 

775,300 

155.060 

930,359 

930,000 
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CATCODE: 

“Ic: 

DATE OF ESnM*TE: 
DID DATE: 

TOTAL TOTAL 
M” MAN. M” l.ABoR 

-t 
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B .B 3 

COSI-ING BACKUP FOR FINAL ENGINEERING ESI’IMATE 

PROJECT: Hadnot Point Shallow Aquifer Remedial Design 

LOCATION: MC6 Camp Lejeune, North Csrolina 

ASSUMPTIONS SCURCE 

1 BACKHOE (80 hp) 

1 DOZER (200 hp) 

2 TRACTOR TRAILER TRUCKS 

2 LOW BED TRAILERS 

2 EQUIPMENT OPERATORS (MEDIUM) 

1 BUILDING LABORER 

1 DAY MOBILIZATION 
1 DAY MOBILIZATION 

1.5 DAY MOBILIZATION, 2 TRUCKS 

1.5 DAY UOBILIZATICN. 2TRAlLERS 

1 DAY MOElLlZATICN, 2 OPERATORS 

1.5 DAY MOBIUZATION 

1.5 DAY MOBILIZATION, 2 DRIVERS 

1993 MEANS, P.454 
1993 MEANS. P.453 

1993 MEANS, P.457 

1993 MEANS, P.457 

1993 MEANS, P.457 (62% of cost) 

1991 CES (UNBURDENED LABOR) 

1993 MEANS, p-457 (62x 01 COST) 

SEDIMENT CCNTROC PLAN 

SITE HIS PLAN 
SITE WORK PLAN 

CTION OC PLAN 

CTION SCHEDULING 

CERTIFICATION 

SURVEILLANCE CERTIFICATION 

MAT’L 10% TOTAL a: >40 HRS TO PREPARE 

MAT’L 10% TOTAL s: >50 HRS TO PREPARE 

MAT’L 10% TOTAL t; ~40 HRS TO PREPARE 

ENGIN ESTIM.: BAKER P-2 KATE 
ENGIN ESTIU.; BAKER P-2 RATE 

ENGIN ESTIU.; BAKER P.2 RATE 

.o I.04 !h,up,Coortruc, Twnporbry Foclllllen 

INITIAL ASSEMBLY AND SETUP 

2 BUILDING LABORERS 4.8 HOUR 9.61 481.28 461.28 3 DAYS FOR SET Up; 2 LABORERS 1991 CES (UNBURDENED LABOR) 

1 PROJECT ENGINEER 24 HOUR 17.60 422.40 422.40 3 DAYS FOR SET Up: 1 ENGINEER 1991 CES (UNBURDENED LABOR) 

TRAILER RENTAL 

.OI 04.0, 1 OFFICE TRAILER (32’xB’). RENT 0 MO 231 .OO 1,386.OO 1.388.00 ASSUME 6 MOFlTH RENTAL 1993 MEANS, P. 12 

.01.04.10 1 TOILET. TRAILER. RENT 6 MO 100.00 1.118.00 1.116.00 ASSUME 6 MONTH RENTAL 1993 MEANS. P. 18 

SUBTASK TOTAL 0.00 883.68 2.502.00 3.385.68 

-.-* 



COSTING RACKUP FOR FINAL ENGINEERING ESl+lhlATE 

PROJECT: Hadnot Point Shallow Aquifer Remedial Design 

LOCATION: MCB Camp Lejeune. North Carolina 

ASSUMPTIONS 

ASSUME ALL LABOR ENGIN ESTIMATE 

x) SAMPLING EVENTS, 8 HCURS EACH ENGIN Esm~.: BAKER P-I RATE 

5 SAMPLES/EVENT; BIWEEKLY SAMPLING 

FIRST MOt4Tt.l; THEN MONTHLY SAMPLING 

FOR REMAINING 11 MONTHS - FOR A 
TOTAL OF Z-3 SAMPLING EVENTS 

RA WORK PLAN 

ENGIN ESTIMATE 

ENGIN ESTIMATE 
ENGIN ESTIMATE 

ENGIN ESTIMATE 

ENGIN ESTIMATE 



COSTING BACKUP FOR FINAL ENGINEERING ESTfblATE 

PROJECT: Hadnot Point Shallow Aquifer Remedial Design 
LOCATION: MCB Camp Lejeune, Nonh Carolina 

COST 

PER 

UNIT 

ACCOUnt 

I I Number COST ITEM DESCRIPTION MATL 

COST 

TOTAL 

COST 

SUB. 

TOTALS 

ASSUMPTIONS SC’JRCE 

TREATMENT AREAS ONLY 1991 CES, XEEBC I I CLEAR AND GRUB 

I SUBTASK TOTAL 
I 

204.65 212.50 

=I=- 
0.00 

- 

1 PIPE INS 

0.00 - 

1.026.67 

13E.W 

1.073.88 

37.00 

912.00 

33.03.03.02 EXCAVATION/FILL 

X3.03.03.07 GRADING 

33.03.03.08 COMPACTION 

I 
INCLUDED IN OTHER : 

a00 SY 

a7 CY 
I 

TIONS h 

0.76 

0.46 
352.00 

55.17 

LLATION 

25a.00 
64.W 

320.00 
- 

433.33 

57.76 

5.36 

30.10 

I ASSUME I’DEEP, TWO aO’x60’ AREAS 

ASSUME l’DEEP, TWO dot60 AREAS 
I 

1991 CES, #BGAEA 
1091 CES 

410.67 - 

33.33 

4.44 

32.66 

0.40 

1,493.33 

100.11 

1,114.02 

67.50 

912.00 

I 
3.03.04 [Road$/P.rkfnglCurb~bIktr 

I 
11.20 

11.20 

14.67 

6.75 

45.60 

3.03.04.01 BITUMINWS SURFACING. NORTH 133 SY 
3.03.04.01 BITUMINOUS SURFACING. SOUTH 18 SY 

3.03.04.03 AGGREGATE SUFACING . NORTH ONLY 76 CY 

3.03.04.08 CURBS AND GUTTERS. SOUTH ONLY 10 LF 

3.05.04.12 BARRELS WlTH FLASHERS 2Q EA 

BASED ON 4’ WlDE x 300 ’ LONG 1001 CES 
EASED ON 4’ WlDE x 40 ’ LONG 1901 CES 

BASED ON 12 x 340’ x 0.5’ THICK 1991 CES: X57 GRAVEL 

10’ LENGTH IN SOUTHERN AREA 1001 CES 

1 BARREL/lo’ FOR 2M)‘; 6 MONTH RENTAL 1993 MEANS, #016-4X)-1620 I 

SUBTASK TOTAL 

,3.03.06 Eleclrlcal Dlslrlbulion 

POWER DISTRIBUTION - 2 BUlLDlNGSlEOUlPMENT 1 LS 

52n.57 
- 

0.00 
- 

15,908.00 
5.038.80 

70.66 
- 

3,755.56 

51,800.40 15% OF BUILDING s, EaVlP COSTS 1003 MEANS 

I 1 
I I 

51 809.40 
- 

0.554.00 84.316.00 

592.80 11.550.60 
EACH 2600 SF 

SIMPLE BUILDING FOUNDATfON 

VENDOR OUOTE 

1993 MEANS, #131-x17-0800 

3 16644 I 

0.00 
- 

58.854.00 

5.928.00 

SUBTASK TOTAL 

M&J Butldmg (4o’x65’) and Concrete toundatlon 1 
2 BUILDINGS. STEEL/ALUM FRAME 5200 SF 

2 CONCRETE FOUNDATIONS 5200 SF 
16.21 
2.22 

64.782.00 20046.60 
--I-. 

10 146.60 - - 

57.96a.44 22.001.32 62,650X 
- - - 

SUBTASK TOTAL 
~.‘.;.‘,‘.“,:.:.:,:.:.:.:.:,:,:,:. ..>,.:,:.:.> ,.,.,.,,,.,...,.,.,.,. 
:~~~:x:::~:~~.~~:~:~~ 
:::::::::::m<:: TASK TOTAL 

-- : 



B P P 

ECUIP 

COST 

COSI-ING BACKUP FOR FINAL ENGlNEERlNG ESlYhlATE 

PROJECT: Hadnot Point Shallow Aquifer Remedial Design 

LOCATION: MC6 Camp Lejeune. North Carolina 

COST ITEM DESCRIPTION TOTAL I sus- I ASSUMPTIONS I SOURCE LABOR 

COST 

% 
xtmction and injection Wells 

RECOVERY WELLS _ SHALLOW 27,ooo.oa 

27,ooo.oa 

5,400.oo 

919.06 

4.130.w 

12.036.06 

750.00 

2,536.30 

2,407.W 

15.750.w 

9,ooo.oo 

9,ooo.oo 

45.000.00 

650.41 

1,604.67 

6,750.OO 

54205.06 

63.M5.06 
- 

45,ooo.M) DIVISION OF MATL/LAB/EPUIP ESTIMATED ENGIN ESTIMATE 

SUBTASK TOTAI 45,ooo.oo 

9 EA 

9 EA 

2950 LF 

2950 LF 

1200 LF 

i 

1 LS 

922 CY 

150 LF 

umping/Collection 

PUMPING _ WELL PUMP WI CONTROLLER 

MANHOLES, VALVES, BOXES 

PIPING _ HPDE T  DIA 

PIPING _ PVC (SCH 60) 6” DIA 

PIPING . PVC 3’DIA (FORCE MAINS) 

CONNECTIONS/FITTINGS 

PIPE TRENCH EXCAV. BACKFILL. COMPACT 

3 RAILROAD BORES. NORTH ONLY 

50,400.00 

6,045.57 

10,325.oo 

30.090.00 

1.546.00 

6294.45 

4,011.67 

22,500.OO 

MAJORITY OF COST IS FOR EQUIPMENT 

PRECAST. 45” DIA. W/FRAME (L COVER 

N-1500’: S-1450’; SO/40 - MATL/LABOR 

N-1500’; 5.1450’; SO/40 - MATVLABOR 

N-700’: S-500’; 

ASSUME 15% OF PIPING COSTS 

3’ DEEP x 2’ WIDE: 

EACH SO’ WIDE, 70/30-LAB/EQUIP 

ENGIN ESTIMATE 

1991 CES. XCGMV 

ENGIN ESTIMATE 

ENGIN ESTIMATE 

1991 CES. #aNI 

ENGIN ESTIMATE 

1991 CES, #BCIFAP 

ENGIN ESTIMATE 

SUBTASK TOTAL 43.936.36 

70.936.36 
- 

T=-= 
SEE OTHER BACKUP SHEET FOR ALL OF THESE TOTALS 

HYSICAL TREATMENT 

lltrsJon/Ullralillfslion 

IrainIng 

on9ulotlonlFlocculnllonlPr~clpllnllon 

If Slrlpplng 



B 

CO.‘ZING BACKUP FOR FINAL ENGINEERING FSUMATE 

PROJECT. Hadnot Point Shallow Aquifer Remedial Design 

LOCATION: MCB Camp Lejeune. North Carolina 

ACCOUnt 

Number COST ITEM DESCRIPTION QUANTITY UNIT 

DISPOSAL (OTHER THAN COMMERCIAL) 

Trsnsponafion to Storage/Disposal Facility 

PUMPING/HAULING OF LlPUIDS/SED/SLUDGE 

I 

p3.m SITE RESTORATION 

bxaol Earthwork 

GRADING 267 CY 

33.zoo.04 Revegetalion and Planting 

SEEDING/MULCH/FERTILIZER 6.534 MSF 

3.20.06 (Post Construction Msinlenance 

I I I I 
CLEAN.UP 

TASK TOTAL 

1 LS 

COST 

PER 

UNIT 

- 

- 

UNDWAl 
- 

0.76 

29.05 

- 

MATL LABOR EQUIP TOTAL SUB- 
COST COST COST COST TOTALS 

- 
- 

0.00 

I CGLLEC 
- 

0.00 
- 

NOT USED 

0.00 

‘N AND CC 
- 

0.00 
- 

54.56 

- 

54.56 - 

65.33 

97.03 

831.20 
- 

111356 I 

I I I 
ASSUMPTIONS 

117.33 202.67 

36.22 180.61 

SOURCE 

I993 MEANS, 609-306-4600 

iNGIN ESTIMATE 



COSTING BACKUP FOR FINAL ENGINEERING !?.!XlhlATE 

PROJECT: Hsdnot Point Shallow Aquifer Remedial Design 

LOCATION: MC6 Camp Lejeune. North Carolina 

COST ITEM DESCRIPTION C’UANTITY UNIT 

OFFICE TRAILER/lOILET/BARRICADES 

SITE LIGHTING/POWER/TELEPHONE 

I-, 
x3.21.04 Demoblllz~llon of Con~lrucllon Equlpmenr and FaclliIl~$ 

CONSTAUCTION EQU~PMENT/~XASSEM~LY 

SUBTASK TOTAL 

I’rml.Construcllon Suhmlltnln 

PUNCH LIST 

FINAL QAlOC REPORTS 

CONSTRUCTION DOCUMENTATION REPORT 

AS-BUILf DWGS 

t LS 

1 LS 

1 LS 

1 LS 

0.(x 

O.OC 

0.00 

* 

0.00 

LABOR EQUIP TOTAL SUB- 

COST COST COST TOTALS 

1.396.6( 

1,396.8( 

aoo.oc 

aoaoc 

1217.12 

1,217.12 

300.00 

1000.00 

1 ,ooo.oo 

600.00 

2.900.00 
- 

6,313.9? 
- 

700.00 

3,860.65 

3.660.65 

5.410.65 
- 

3 

I I r 
ASSUMPTIONS SOURCE 

I I 
I I 

!  
I 

I I I 

2.446.60 

1,500.00 

1,500.00 

4,677.77 

4.677.77 



/ 

HPL4 GROUNDWATBR OPERABLE UNIT 
LOW PROFILE AIR SI’RE’PINO TREA’IMENI-SYSTEM 

- 

3313oc/: 

il- 
33l3Q 

33 ]3zD 

331330 

AT 
3 31312 

33 13M 

f---x 
-55 3130’ 

3 3130’ 

33130 

,- 331321 

33130 I 

331391 

* 33066 -j 

93130 

3?l30‘ 

30’ 

32-b 

3a. 

DIRECTCOSTBREAKDOWNt DIVISION II- EQUIPME$+ 

ik sow -RDER 1 
MFTEWRECORDERLN~ALL4~ON 16 

IB. POLYMER MAKE-UP= SYSTEM 
POLYMER SYSIEM XNSlXLLATION 

I 
16 

LC. FLOCCUIATIONTXNK W/MC&R- 1200 GAI 1 
TANKfMXERlNSTALLATlON 16 

1D. OIL’WATER SEPARATOR 
SEPARATOR INSTALLATION 

IE SLUDGEPUMP-AIROPERATED 

PUMP INSTXJATlON 

IF. SLUDGE HOLDlNGTANK - 25Ci1 GAL 
TANK ~NS~-AUA~-ION 

LG. PRESS FEBD PUMP -AIR OPERATED 
. PUMPINSTALLATION 

LH. DBWAWGPRESS 

PRESS INSI-ALLATION 

LL OIL STORAGETANK - 250 GAL 
TANK INSTALLAnON 

U. SURGJ$SEITLTNGTANK-2GAL 
TANK INtXALLATION 

1 
24 

1 
a 

1 

24 

1 
24 

1 
60 

1 
24 

1 

24 

LK. -GALPUMPS 
1. PRlMARYFEEDPUMP-4IGPMEA 

PUMP INSI’ALLATION 
2 

2 SECONDARY FEED PUMP - 40 CPM EA 
PUMP INSl-ALLATION 

2 

3. EFFLUENTPUMPS-4OGPMEA 

PUMP INSTALLATION 
2 

48 

k CARBON BACKWASH PUMP - 125 CPM 
PUMP RiSI’ALLAlION 

S. FILTER BACKWASH PUMP - 15 GPM 
PUMP INSTALSAnON 

6. SUBMERSIBLE3 SUMP PUMP - 10 GPM 

PUMP INSI‘ALLATION 

.L AIR COMPRESSOR & APPURTANANCES 

COMPRESSOR INSTALLAnON 

1M MULTI-MEDIA FIlXER -DUAL UNIT 
FILTERINSTALtATfON 

IN. LOW PROFILE AIR STRIPPING UNlZ 
INC: PEED PUMPS: BLOWER SUMP; 
EPFLUENT PUMPS; CONTROLS; 

START-UP; TRAINING 
AIR STRIPPER INSTALLnTlON 

10. CARTRIDGE FlLTBRS 
CARTRIDGE FILTER INSTALLATION 

1P. LIQUID PHASE CARBON UNITS 
CARBON UNrl- INSI’ALLnTlON 

10. BACKWASH TANK - 2500 GAL 
TANKINSlXLLA-ITON 

1R MOVABLB OPER%TlONS PUTFORM 

UBTOTAL DIVISION 11 

1 
24 

1 
24 

30 

2 
16 

2 
20 

1 

24 

1 

- 

EACH s3,sw.oo 
lOURS 341.73 

EACH s3,ow.oo 
iOURS $41.73 

EACH s4w.w 
SOURS s41.73 

EACH S2.SOO.00 
3OURS Sal.73 

EACH DJoaoo 
HOURS u1.73 

UNm s30.84o.w 

HOURS u1.73 

UNrrs 51.m.00 
HOURS so.73 

EACH s6.wo.00 
HOURS u7.73 

EACH 

I 

s4xro.@J 
HOURS so.73 

EACH ss.m.w ss.ow.00 

S3~oo.Go 
sm.68 

s4.ow.00 
n63.68 

sspoo.00 
s763.68 

S1~000.00 
s1,14s.!n 

Qsmlo 

5381.84 

sl~00.00 
51,14S.S2 

nso0.w 
Jl.145.52 

sTz?$oo.oo 
s2&3.80 

s1.500.00 
11.14552 

n$xm3 
SlJ45.52 

ss,ow.oo 
a291.04 

33,soo.w 
s1.14552 

33,ocQ.w 
s1,145.52 

3800.00 
s95.46 

S2$30.00 
s1,14s.s2 

s7soml 
s954.60 

530,840.OO 

11,431.90 

5%400.00 
$763.68 

s1woo.w 
s954.64 

s6,soo.oo 

J1.145.52 

VENDOR QUCYTB 
~CXARDSONS ENCSNKENNG SERVICES, 1986 
AND MEANS. 1993 PLUMBER WI 1.15 H&S FACrOR 
VENDOR QUOTE 
RICHARDSONSENGXNBBRIN G SERW2ES, 1986 
AND MEANS. 1993 ~~)?Rw/ 1.15 H&S FACIOR 
VENDGR QUOTE 
RICHARDSONSENGINEEIUN G SERVICES, 1986 
AND MEWS 1993 PLUMBER WI I.15 HBts FACK~R 
VENDGRQUolE 

REHARDWNS ENG~NEERINGSERVICES, 1986 

AND MEANS. 1993 PUJMBER W/ US H&S FAC’NJR 
VENDOR QUCJTE 

WXARDSONS ENGINEERINGSERVI~ 1986 
AND MEANS, 1993 PLUMBER W/ Ll5 H&S FAOR 
VENDORQUUIE 
RlcHARDsoNsENGlNEERlN GSKRVICES, 1986 

AND MEANs, 1993 PLuMBER WI tis ms FAIR 
VENDORQUCYIE 
RICHARDSONSENG~ G SERVKES, 1986 
AND MEANS. 1993 PLUMBlIft WI l.l5 H&S FACTOR 
VENDGR QUOTE 

RICHARDSONSENGINEERXN GSERVICKS, 1986 
AND MEANS, 1993 PLUMBBR WI I.15 H&S FACXQR 
VENDORQUOTE 

RICHARDSONSENGINEERXN G SER~CKS, 1986 
AND MBANS, 1993 PLUMBER W/ l.lS H&S FACTOR 
VENDGR QUGTE 
RICHARDSONSE GSKRVICES, 1986 
AND MEANS. 1993 PLUMBER W/ 1.15 H&S FACI-OR 

INCLUDED IN COSTOF LOW PROFILE 
AIRSlRIPPING UNIX 

INCLUDBD INcosTOFLOWPROFZE 
AIR SlRXPPlNG UNIT 
AND MEANS, 1993 PLUMBER W/ 1.15 H&S FACl-OR 
VENDGRQUOTE 
RICHARDSONS ENGINEERINGSERVI~ 1986 
AND MEANS, 1993 PLUMBER WI I.15 H&S FACrOR 
VENDGRQUUXE 
RICHARDSONS KNGINEKRIN G SERVICES, 1986 

AND MEANS, 1993 PLUMBER W/ 1.1s H&S FACIQR 
VENDORQUOTE 
RICHARDSONS ENGINEERIN G SERVICES, 1986 

AND MEANS, 1993 PLuMBEEl WI 1.1s H&S FACIOR 
VENDOR QUUIZ 

RICHARDSONSENGLNEERLN G SKRVICBS, 1986 
AND MEANS, 1993 PLUMBER W/ LlS H&S FACTOR 
MCMASTER-CARR SUPPLY CO. CATALOG, 1993 
RKXARBONS ENG- G SERVICES, 1986 
AND MEANS, 1993 PLUMBBR W/ LlS H&S FACIDR 

VENDOR QUQ’IE 
RICHARDSONSENGINEKRlN G SERVICES, 1986 
AND MEANS. 1993 PLUMBER W/ 1.15 H&S FACXOR 
VENDOR QUOTE FOR PREFNGINZERED AND 
PRE-FABRXXTEDTREATM~PACKAG~ 

RICHARDSONS Eh’GDEFRJNG SE!WICET, 1986 

AND MEANS, 1993 PLUMBER WI 1.15 H&S FACTQR 
VENDOR QUGTE 
RICHARDSONS ESGINEEJUNG SERV-I- 1986 

ANP MEANS, 1993 PLUMBER W/ 1.15 H&S FACTOR 
VENDGR QUGTE 
RICHARDSONS Et.‘GINEERING SKRVICES 1986 
AND MEANS. 1993 PLUMBER WI 1.1s H&S FACTOR 
VENDOR QUOTJZ 

RICHARDSONS ENGLNEERING SERVICES, 1986 
AXJ MEANS, 1993 PLU?.4BER Wl1.15 H&S FACTOR 
ESlTMAl-ED 

I  

s172377.6( 1 
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APPENDIX D 

PROPOSED CONSTRUCTION SCHEDULE 

I Calendar Days 

Phase No. Task 0 30 60 90 120 150 180 210 240 

1 Contractor Procurement 

2 Construction Phase 

Mobilization and Equipment 
Acquisition 

Site Preparation and 
Pad Installation 

Recovery Well Tnstallation 

Groundwater Piping Installation 

Equipment Installation 

Electric und Control Sy~Lcrnt4 

Installation 

3 System Start-Up Phase 





Process Design Calculations 
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CT0 0134 

PROCESS CONTROL REQUIREMENTS 

GROUNDWATER RECOVERY PUMPS 

1. These four pumps will be pneumatic, with each pump having a low 
level liquid level sensor to shut of the pump in the event of low 
water levels. 

6% 

Power (probably 1lOV) and control conduits will need to be provided 
from a control panel at the treatment system to each well to 
provide these controls. 

GROUNDWATER TREATMENT SYSTEM 

1. The primary means of control for the treatment system will be 
based on level controls in the surge tank. The two sand filter feed 
pumps (pumps no. 1 and 2) will be enabled and turned on based on 
liquid level in the surge tank. See the pump control diagram from 
the Presquile Chemical Co. job for the pump sequence. 

2. The air stripper will have its own control panel (provided by 
the manufacturer) that will be enabled when pumps no. 1 and 2 are 
enabled. The air stripper control panel will provide control to 
the two air stripper discharge pumps (pumps 3 and 4). 

3. The polymer feed system will be controlled (on or off) based on 
a control signal received from the flow meter. 

4. A control interlock needs to be provided that would allow the 
operator the option of a control scheme that would turn off the 
treatment system and annunciate an alarm, if any one of the 
groundwater pumps turns off. 

5. A sand filter backwash cycle will be initiated in one of two 
ways: via a pressure switch that is set to signal that the back- 
pressure has reached a predetermined value; or via an operator 
adjustable timer. 

6. The controls for the solids handling equipment will be manually 
set by the operator, these include the solids withdrawal pumps from 
the oil water separator and surge tank, and the filter press. The 
filter press will have a control panel supplied by the 
manufacturer. 



“L1 

S.O. No. 14134 - 51 - SRd 

Subject: tiPSA GR~,N~,,,I~TcR Owabcu 0 
.f-==-- 

ti\l- 

A \R Si-alPpE(r IrJF CVErc\T + - Sheet No. -..L.- of 

0 lSCHAR6~ (et\c’R,A Drawing No. 
CF 

Computed by MQ fl Checked BY DfG-- Date 4 !43 



!  I  



h 

S.O. No. 

f ly Subject: 

Sheet No. -.??l of 4 

Drawing No. 

Computed by Checked By Date 3-3-93 

d- &ATE v/kv&S @ 4’ = 8’ 
/ - C/d-G~/< VACVf? e 7/ = 3’ 

5- 9oeE-.L~o~e c t = 30’ 



S.O. No. 

P\ Subject: 

Sheet No. .?%.- of 9 

4 : Drawing No. 

Computed by Checked By Date 3-4-93 



S.O. No. /9i.34-S~--sRn/ 

Subject: &coe-&J we// scfsfcvy P crmp 

SC, .:‘A ShLet No?& of 4 

Drawing No, 

Computed by n m Checked By Date s/s/5 3 



S.O. No. lW34 
,,-\ Subject: 5; 2 E OF a/;Z COM,@LZ’F~ s& 

Sheet No. I_/__ ___ of 9 

- ; Drawing No. 

Computed by z Checked By m Date z//d/?3 



RECIPROCATING AIR COMPRESSORS 

MOST COMMONLY USED WITH ES1 SYSTEMS 
PRODUCES HIGH PRESSURES(175 PSIG max), BUT LIMITED VOLUMES 
(100 SCFM max) 
CAN BE MADE EXPLOSION PROOF 
USUALLY OPERATED AT 50%-70% UTILIZATION 
ALWAYS USE COMPRESSORS WITH CAST IRON HEADS (NO ALUM.) 
DESIGNED FOR NON-CONTINUOUS OPERATION 
OVER SIZING THE COMPRESSOR HEADS WILL REDUCE THE RPM'S WHICH 
WILL DECREASE NOISE LEVEL AND INCREASE COMPRESSOR LIFE. 

7 GPM 

13 GPM 

19 GPM 

25 GPM 

39 GPM 

49 GPM 

62 GPM 

74 GPM 

RECOMMENDED OPTIONS: 

- AUTO.START/STOP WITH OIL LEVEL SWITCH 
- BELT GUARD 
- MAGNETIC STARTER 
- SINGLE PHASE IS ONLY AVAILABLE ON 3 AND 5 H.P. 

* REFERS TO AIR VOLUME OUTPUT THAT COMPRESSOR IS CAPABLE OF 4-- 
PRODUCING. HOWEVER, ALWAYS SIZE COMPRESSORS WITH A 50%-70% 
UTILIZATION FACTOR. 

** REFERS TO FLOW FOR A TOTAL FLUIDS SYSTEM WITH A MAXIMUM + 
e HEAD OF 50 FEET. 



- 
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PRESSURE LOSS IN POUNDS FOR EACH 100 FEET OF STRAIGHT PIPE 

Be Sure to Read Notes on Page 34-77 

Nominal 

Pipe Sine 

Line Prerrure - PSIG 

10 I 15 I 20 I 30 I 40 I 50 I 75 / 100 125 / 150 i 200 I 250 I 300 j 350 

I IO I 1 1.45 1 1.24 1 .96 1 .79 1 .67 1 .48 1 .3a t .31 1 .26 1 .2o / .16 1 .14 / .12 

4 37 1 3 70 !  2.84 i 2.30 / 1.94 / 1.67 

CHEDULE 
.._. _... _.~. ..__ .._. 

6.75 5.70 4.37 3.55 2.99 i;is 
40 ii 11.7 9.61 8.16 6.25 5.08 4.27 

1 
' 3.68 

14.4 11.0 8.95 7.52 6.50 
100 17.1 13.9 11.7 10.1 

~~~-------~~~~ 

:: 1.57 .42 1.31 .35 I.12 .30 .23 .87 .19 .71 .I6 .60 .12 .43 .34 .2a .24 .I8 .I5 .12 .I1 
I, I, 95 2 77 2~!iO 2.04 1.72 1.25 .9a .a0 -68 .52 .42 .35 I .31 
"/4-- i;; _,__ 4.95 -.-- -.-. 4.05 3.42 . ..- 2.47 ..~. 1.93 ..~ 1159 1:35 1.03 .84 .71 .61 

65 5.71 4.12 3.23 2.65 2.25 1.72 1.40 1.18 1.01 
80 6.19 4.74 3.98 3.37 2.58 2.10 1.76 1.52 

CHEDULE 100 9.60 7.53 6.40 5.25 4.02 3.26 2.74 2.37 
40 125 11.7 9.70 8.12 6.22 5.05 4.25 3.67 

150 
200 
250 



PRESSURE LOSS IN POUNDS FOR EACH 100 FEET OF STRAIGHT PIPE 
Be Sure to Read Notes on Page 34-77 

Line Pressure - PSIG 
CFM 

Free Ail 
Nomlnol 

Pipe Size 

1" 

SMEDULE 
40 

1 '/2 I1 

SCHEDULE 
40 

-.-.- 

7s 

.I3 
.35 
-70 

1.54 

2.68 
4.10 
5.80 

.I8 

.31 

.4a 

.68 
1.18 
1.83 
2.62 

4.58 
7.12 

I5 

.3a 
1.07 

.25 
-54 
.94 

1.44 

2.04 

250 

.I2 

.24 

.52 

.91 
1.39 
1.99 
3.49 

5.45 
7.85 

14.0 
!I.8 

*Ii 
.I6 

.23 

.40 

.62 
.a9 

1.55 
2.42 
3.46 
4.70 

I 

I 
I 

6.10 
9.45 

13.3 
18.6 

5.12 
7.95 

,1.2 
15.6 
I 

- 

350 

.I7 

.3a 

.66 
1.01 
1.45 
2.53 

3.96 
5.70 

10.1 
is.8 

.12 

.I7 

.29 

.45 

.64 

1.13 
1.76 
2.51 
3.40 

4.42 
6.86 
9.61 

13.5 

-.-- 

50 

17 
:49 
.9? 

2.14 

3.70 
5.70 

_.-... 

::: 
.43 
.66 

.94 
1.63 
2.54 
3.62 

6.35 

. 

-- . . .._ 
G 

.23 

& 

1.72 
2.64 
3.78 
6.61 

10.3 

.I2 

.20 

.31 

.43 

.76 
I.18 
1.74 

2.94 
4.59 
6.55 
a.89 

11.6 

30 

.25 
-71 

1.40 
3.10 

-. 

1;; 
.62 
.96 

1.35 
2.36 
3.60 

- 

IO 

.45 
1.29 

._ .-.. 

.31 

.65 
1.13 

40 

.20 
sa 

1.15 
2.53 

4.39 

150 

.I9 
.3a 
.a4 

1.46 
2.24 
3.20 
5.61 

a.87 
12.6 

.I4 

.29 

.51 

.7a 

1.11 
1.93 
3.01 
4.29 

.32 
.92 

I.81 

.22 
.46 
.a0 

1.24 

1.75 
3.04 

.lO 

.2a 

.55 
1.21 

2.09 
3.22 
4.60 
8.05 

::: 
.37 

.53 

.92 
1.44 

2.05 

3.59 
5.59 
a.00 

10.8 

.I5 
.29 
.65 

1.12 
1.72 
2.46 
4.30 

6.72 
9.66 

17.2 

I3 
:20 

.2a 

.49 

.77 
1.09 

1.92 
2.98 
4.26 
5.78 

7.50 

.lO 
.20 
.44 

.76 
1.17 
1.68 
2.94 

4.59 
6.60 

11.7 
la.3 

20 
35 
5 

& 
75 

100 
125 
150 
200 

250 
300 
400 
500 

50 
75 

100 
125 

150 
200 
250 
300 

400 
500 
600 
700 

800 
1000 
1200 
1400 

10 
:17 
.26 

-37 
.64 

1.00 
1.43 

2.50 
3.89 
5.55 
7.55 

9.80 
15.2 

.I4 

I9 
:34 
.52 
.75 

1.31 
2.03 
2.91 
3.95 
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LIGHTING CALCULATIONS Baker and Associates 
PROJ NAME : HADNOT POINT IND Airport Office Park, Building 
DESIGNER: DST 420 Rouser Road 
DATE: 6/17/93 Coraopolis, Pa. 15108 
FILE NAME: LTGCALCS .WKl 
***~**************X***************~********~***~*~********~~*~~* 

1 Room Name: Bldg 1 
Length: 
Width: 
Area: 
Mtg. Ht.: 

,-. Watts/Lamp: 
Lamps/Fixture: 
Lumens/Lamp : 
Maint. Factor : 
Footcandles: 
Type Fixture: 
RC: 
RCR: 
Reflectances: 
cu1: 
cu2: 

/-+-- cu: 
A Lamps/Fixtures 

Lamps used: 
Initial FC: 
Maint. FC: 

66 
39 

2574 
12 
40 

2 
3150 

0.7 
40 

NL-8 
9.5 
1.9 
0.7 

0.76 
0.65 

0.657 
71.1 

64 
51.4 
36.0 

page 

2 Room Name: 
Length: 
Width: 
Area: 0 
Mtg. Ht.: 
Watts/Lamp: 
Lamps/Fixture: 
Lumens/Lamp: 
Maint. Factor: 
Footcandles: 
Type Fixture: 
RC: 0 
RCR: 0.0 
Reflectances: 
CUl: 
cu2: 
cu: - 0 -000 

36 Lamps/Fixtures 0.0 0 
Lamps used: 
Initial FC: 0.0 
Maint. FC: 0.0 

R 



DESIGN PRACTICE 

Electrical A. I,ICHI’ING SYSTEM 

ngineering Issue Date: November, 1989 Revised Ilate: 

Quality 
Contro: 
M anua 

- 

Section:1 \ 

Page: 1 

The following “desip practice” shall be followed for most lighting design projects. It should 
be noted that there may be possible exceptions to the following and these exceptions will be 
resolved as they occur. 

A-Method: 

The Zonal Cavity Method of calculation shall be used and the following formulas shall 
apply: 

(1) To find RCR required, use: 
( 1 

5X ( R. C.) x -(A, -L*+ W.) 
= - R.C.R. 

(2) Tofindl amps required: 

(F.C.) x ( 1 
(C.U.) x (M.F.) x :I2L) - 

= Lamps Req’d 

(3) To find initial and maintained footcandles, use: 

(Lamps) x (LPL) x (C.U.) x (M.F.1 = Main F. C. 
(A) -Initial F. C. 

Formula Leeend: 

R.C. = 

t;; ; 

A.’ = 

FccR* = 
(yv’. z 

zi$ 
= 
= 

Room Cavity 

~~ k%%b 
Room Area 
Room Cavity Ratio 
Footcandles (Design Value) 
Coefficient of Utilization 
Maintenance Factor 
Lumens Per Lamp. 



H7: PR [W61 “Page 
A9: PR [W4] 1 
89: PR [W14] ‘Room Name: 
c9: u ‘6ldg 1 
E9: PR [W6] +A9+1 
F9: PR [W14] ‘Room Name: 
810: PR [W14] ‘Length: 
ClO: u 66 
FlO: PR [W14] ‘Length: 
811: PR [W14] ‘Width: 
Cll: u 39 
Fll: PR [W14] ‘Width: 
812: PR [W14] ‘Area: 
C12: PR +ClO*Cll 
F12: PR [W14] ‘Area: 
612: PR +GlO*Gll 
813: PR [W14] ‘Mtg. Ht.: 
c13: u 12 
F13: PR [W14] ‘Mtg. Ht I: 
814: PR [W14] ‘Watts/Lamp: 
c14: u 40 
F14: PR [W14] ‘Watts/Lamp: 
815: PR [W14] ‘Lamps/Fixture: 
c15: u 2 ,f-@-qs: PR [W14] ‘Lamps/Fixture: 

r-a 
816: PR [W14] ‘Lumens/Lamp: 
C16: u 3150 
F16: PR [W14] ‘Lumens/Lamp: 
817: PR [W14] ‘Maint. Factor: 
c17: u 0.7 
F17: PR [W14] ‘Maint. Factor: 

w 
818: PR [W14] ‘Footcandles: 
C18: U 40 
F18: PR [W14] ‘Footcandles: ., 
819: PR [W141 ‘Type Fixture: 
C19: u “NL-8 
F19: PR [Wl4] ‘Type Fixture: 

-+-. 820: PR [W14] ‘RC: 
CZO: PR @IF( +C13-2.5<0,0 ,+C13-2 -5) 
F20: PR [W14] ‘RC: 
G20: PR @IF( +G13-2.5X0,0 ,+G13-2.5) 
821: PR [W14] ‘RCR: 
C21: (Fl ) PR @IF( @ISERR( 5*C20*( +ClO+Cll )/+C12 ) ,0,5*C20*( +ClO+Cll )/+C12) 

ra, 
F21: PR [W14] ‘RCR: 
621: (Fl ) PR @IF{ @ISERR( 5*G20*( +GlO+Gll )/+G12),0,5*G20*( +GlO+Gll )/+G12 > 
822 : PR [W14] ‘Reflectances: 
c22: u 0.7 
F22: PR [W14] ‘Ref lectances: 
823: PR [W143 ‘CUl: 

,- C23 : U 0.76 
flF23: PR [W14] ‘CUl: 

324: PR [Wl4] ‘CU2: 
C24: U 0.65 
F24: PR [W14] ‘CU2: 
825: PR [W14] ‘CU: 

pa C25: (F3) PR (C23-((C21)-@INT(CZl))*(C23-C24)) 



/  I  

F25: PR [W14] ‘CU: 
625: (F3) PR (G23-((G21)-@INT(G21))*(G24)) 
B26: PR [W141 ‘Lamps/Fixtures 
C26: ( Fl ) PR @IF( @ISERR( +C18*C12/( +C25*Cl6*Cl7 ) ) ,0 ,+Cl8*Cl2/( +C25*Cl6*Cl7) ) 
D26: (FO) PR [W61 @IF(BISERR(+C26/ClS),O,(+C26/C15)) 
F26: PR [W14] ‘Lamps/Fixtures 
626: ( Fl > PR @IF( @ISERR( +G18*G12/( +G25*G16*G17 ) ) ,0 ,+G18*612/( +G25*G16aG17)) 
H26: (FO) PR EW61 @IF( BISERR( +G26/G15) ,O ,( +G26/GlS)) 
B27: PR [W14] ‘Lamps used: 
C27: U 64 
F27: PR [W14] ‘Lamps used: 
828: PR [W14] ‘Initial FC: 
C28: (Fl ) PR @IF( @ISERR( +C27*C16*C25/+C12 ) ,0 ,+C27*C16*C25/+C12 ) 
F28: PR [W14] ‘Initial FC: 
628: (Fl ) PR @IF( @ISERR( +G27*G16*G25/+GlZ) ,0 ,+G27*Gl6*G25/+GlZ) 
829: PR [W14] ‘Maint. FC: 
C29: (Fl ) PR BIF( @ISERR( +C27*C16*C25*C17/+C12) ,O,+C27*C16*C25*C17/+ClZ) 
F29: PR [W14] ‘Maint. FC: 
G29: (Fl ) PR @IF( @ISERR( +G27*G16*G25uG17/+G12 > ,O,+G27*G 
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LE = L -OPENING WIOTHS 

FIGURE 1 

AZ = EAVE HEIGHT X GAY LENGTH /4 

PZ = A2 X WIND PREGS~RE 
WE = W -OPENING wl~fj 

FIGURE 2 

WIND ON ENDWALL WIND ON PORTION OF END BAY SIDEWALL 

i 

*For use wth wsl6 cedm endwall. 
Values shown are Icr 25 bays. tar 20 bays mnnwf value by .8 

1 DuraRib oar&. when properly fastened to su~porUq ~IrUCfUral hammg and uszq SIdelap 
laSle~Sal~~On~nt~.fO~St~ralonlts~pableof rLS41mqloadslhrOughm@aneshear 
reStStanCe. This shear resIstat% atfectS a Shear transfer of lhase lOadS 10 the fmmoatmn wfth a 
mmrmum amWM Of deflecbon. %ch reSlSIaoCo IS hereafter r&rred 10 as “OiaDhragm Action”. 

2. The wmd forces rmp0se.d on lhe endwall andkx POrliOh 01 the sidewall can be rransfmed to 
foundation by: 

Al Diaphragm achon only for buildings up 10 7U widewith l/212 and 1:12 roof slopes ano for 
butldmgs up 10 M wrda wtth 4:12 rOOf SlOPeS. 

81 Wind bracrq only for all ofher buddiqs. 

3 The tabulared values mdtcate Ihe mmlmum efkcbVe lenglh of soled sheeted wall reou,r~ to 
translera oeslgn wmdloadforcelolhefoundahon. Valuesarecalculatedmaccoroa~wlm ,981 
YEMA design ptactrczs. 

6. When the eikbve length IS 8~ man the tabulated value UM! turldiq must ba Dracca by means 
olkr than dwhfagm accm 

7. Diaohragm anton IS rvor vxu rer mdmgs uctlulq ngtd tcaro msubtion. 

8. When mowalls and/or sto~lls are constructs cmmry a oartrally 01 matermts other than 
ChxaRib oMe(. they must be wormy engmeerec IO susxan me oesrgn wmd low. 

9. All standam mfewr benrs are cesqwa to swam a soedr -WmdlcadaSOUtllmdin 
Star buddun] soe-3faabom 

10. A desrgn load value of 16?+;LF of wall as onenmnetl cv srruch~ral tashq. was used M 
generahq Tables I and Il. b cesx~n load value tncluoes a 33 113% imxaase la wtm load. 

Al Table I IS ior wmd on the endwall of a building and mdcares lhe mmlmum enen!ve length 
reoorrea for each sfdewall. 

81 Table11 IS l~rwmdonapoR~onol thesldewallend bayanotndicatesthem~n~m~metfKtlve 
,#ldth reoulred lor l &r endwall. 

4 Figures 1 and 2 are to used m  conltmctlOn whh rabies I and II respecuvely. 

5 The eiiechve length of W!dth da nol Include the widths Of: 

Al Framed openmgs lot overhead or sliding doors. 

El Framed oDentngs Ior glass walls. 

Cl Panel runs of less than 3’g m  wldlh. 

STAR MANUFACTURING~CO. 
OKLAHOMA CITY. OKLAHOMA f DIAPHRAGM ACTION 
CEDARTOWN. GEORGIA DURARIB ROOF 8i WALL 
HOMER CITY. PENNSYLVANIA 
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Section 11300 

Polymer Feed System 



Liquid Polymer Blending System 
PolyMax is a compact liquid polymer blending unit that mixes, 
blends and ages polymeric flocculating agents. all In one unit. 
The use of thin-film technology to introduce the polymer with 
water followed by several in-line mixing de&es, provides the 
ideal environment for the polymer molecules to disperse into 
water, The integral aging chamber provides aging time from 
1.5 to over 30 mfnutes (depending on throughput) for the 
polymer molecules to uncoil and activate. 
No other compact blending unit maximizes polymer activation 
like PolyMax. This results in slgnificantiy lower polymer 
usage and savings in operating costs. 
Why does Poiyfvlax work so well? Becausq high-energy, high- 
shear devices such as mechanical mixers and centrlfugai 
pumplng action are avoided. These devices contribute to 
fracturing and break-up of the long-chain polymer motecuies 

rendering them less effective, which results in much higher 
polymer usage. Rather, mixing in PoiyMax Is accomplished 
by severaf in-line elements combining to effect gentle, yet 
unusually effective and homogeneous blending of polymer 
and water. 
PolyMax mixing elements include an Inlet mixing block that 
spreads the polymer Into a thin film for initial combining with 
diiutlon water. Multiple 90 degree, specially baffled elements 
follow the inlet mixing block. Finally, three conventlonai In. 
line mlxers complete the mixing/blending process. The 
blended polymer then passes into a detention/aging chamber 
containing an internal labyrinth where detention time and 
further gentle mixing allows the Individual polymer molecules 
to uncoil and activate, maximizing their effectiveness. PoiyMax 
is available In a wide range of sizes with numerous options 

to enhance Its use. Write, fax, or telephone for Technical 
Bulletin 700. (See reverse side.) 

PolyMax Stock Soiutlon Dilute Solution 
Model ki GPH Flow GPH 

4001-4011.0 o.ot-1 .o 4-40 

4002-10011.0 0.01-1.0 10-100 
4003;WfJ12.5 0.02-2.5 10~100 
4004-20011.0 0.01-1.0 IO-200 
4005.2OOI2.5 0.0245 10-200 
4006-60011.0 0.01-1.0 72-600 
4007-6OOj2.5 0.02-2.5 72-600 
4008-60014.5 O.O?-4.5 72-600 

4009G-600/7 l-7 72-600 
4010G600/20 2-20 72-600 
4011G-600140 4-40 72-600 

4012~1200/4.5 0.02-4.5 72-1200 
4013~1200/8.0 0.04-8.0 72-1200 

4014G-1200t7 t-7 72.VOO 
40156.1200120 2-20 72-1200 
4016G.1200/40 4-40 72-1200 

4017G-12OQllOO 10-100 72-1200 
4018G-32OO/200 20-200 72-1200 

4019DF-8/i’ 0.04.w-7 72-1200 
402ODF-8/20 Q.Q4-012-20 72-1200 
4021DF-6140 o.O4-8/4-40 72-1200 
4022DF-8/100 0.04-8/10-100 M-1200 
4023DF-a200 O.04-0/20-200 72-1200 

Special Low Flow Options Are Available 

toron taco AZ03 

x SuppW standard rvith Polyklax 
t &con&ended optlonal accea:oritB 

Vmy e%r option9 avsifable 
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Section 11302 
Packed Gravity Oil/Water Sepa:rator 
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,-The Slant Rib 

-% Coalescing Separator 
is a highly effective 
gravity separator 
for the removal of 

#-. dispersed oil 
and solids from 
water. 

Z’. 1. ‘_ 
._., 

.  i.3 
:  

. : .  

GENERAL INFORMA’tION 
The Great Lakes Slant Rib Coaies- 

cing (SRC) Separators are capable 
‘of effectively separating oils and 
solids from water’.where the oil and 

l?olids have a sdedific aratitv differ- 
:nt than that o? water:The SkC per- 

formance is supiriot to othir gravity.,. 
co&escing uniti:f?r the sq+ation 

DESIGN 
When certain materials are 

placed in the waste water flow, 
removal effidiencies of oilh&ea&e 
due to impingement on theigsur- 

‘faces. Plastic media& particularly 
teffective because of its dleofihilic ,:I 

Toil attracting) characteristids. As .. 
fine oil droplets impinge upon or 
pass close to the plastic surface. 
they are attracted to it and adhere. 
Additional droplets contiuuc to be 
attracted and coalesce or rncrgc 
wit11 pr-cvious droplets to product 
1n11cll Ixrficr tll-oplcts. At 8 point. 

or de&t@; This koalescing 
_ ! I  .  .  

‘e. 
action’allows removal of smaller., 

ticuIar.impqrtance to form the. <’ 1 
media proI+y to maximize co”:; ;,. 
tactj,while minimizing blinding. Tjie ’ 
SlantRib C&lcscing (SRC) media“’ 
pacg.yas designed with consider?; ;’ 

: tionqof;,all these factors. The SRC;: .I. 
% med.i~~pro+ii+$&titer coalesci& -i 

and solids separation area than any 
other.qed$.currently available. ,: : 
The’patentti:shape and specific.. 

.-‘spaci&& of@~$a~& proe&es m:&- . 
‘; irn~~;~rq$$igf! from blinding,‘& 2: 
.’ wh+:prov@ing a series of inclines:: 

th&%iha8k.‘solids separation:Z$d..’ a to;tao&..$& through which‘$g.: 

water’must$ass. This continuo.&ii’s 
change of direction insures a high 
degree of oil droplet contact on the 
plate surface with resultant coales- 
cence and oil removal. The ribs are 
slanted toward the surface in the 
direction of flow, encouraging sepa- 
rated oil to float to the surface along 
the plates before breaking free. 

OPERATION 

Inlet and Diffusion Chnmber 
Flow enters the inlet chnmbcr 

where it is dispcrscd tllrough a 
non-clog diffuser across rtrc Lvidth ._ _ _. 

the sludge chambeibefore 
entering the pack. 

SeparationChamber 
The separation chamber :is , : 

filled with the SRC media pack. -’ ..: .-; .- 
The nibed plates are arranged 
vertically in the direction of flow, 

.‘:;z.““. 
.::..:. 

and coalescence. The coalesced oil 
3:s the least restricted path to exit 
L?C waste stream. and slides to the 
ru.<ace on the underside of the rib. 
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CLEAN 
WATER 
OUTUD- , 

OIL RESERvOlR 
1 

CLEWWATER 
OUTLET wAM0ER ‘Y ., 

: 

. ..u_ 

: 
.::, . 

*.:i :: . . . . : 

:> . : ;i ;. .I . . ! .  ) COATJNGS _,, 

-: 

~ 

Utility Cdmpanies 
Wash Racks 
.Edr further information contact ..: 

i+- &G&t L&es Environmental, Inc.. or.?% 
our local representative. We n-ill be. 

. ..glad to ass+t you in selecting a proi . . _ 
erly.‘sized unit for your appli%tion; i 



A Slant Rib Coalescing Oil/Water Separator 

N -SLUDGE NOZZLES 

DIMENSIONS. WEIGHTS & CAPACITIES 

MODEL A. ‘B’C 

-> 

SRC-15 2.4’ 7.3’. 4.0’ 

SRC-30 2.4’ ;7.3;.: %.O’ 

‘Operating 

. ..Weight .:; 
-- I. 

2700 :: 

Empty 
Welght 

1260 

1720 

1840 

P 

31 

3" 

:. 4:; :, ‘$3 
- 2130 

6" 

6" 

6” 
8” 
.s; 

3380 

4800 

5380 

12100 

146OC 

159oc 

6.5' 5.4' 

6.5' iii 

6.5':' .5.4' 

:sents;nominal flow tites in GPM. 
‘c’c&stxuction. 

_ s; 
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- . :  I.>.,, 
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,’ 
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Section 11303 
Centrifugal Pumps 
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TYPE L UNITYPE SINGLE STAGE 
,*““-% 

END SUCTION. 
CENTRIFUGAL PUMPS 

Type L Unitype with 
threaded connections. 

Type L. Unitype with flanged 
connections. Cast iron base 
optional extra. 

Cut-away shows bracket 
and backplate detail. 

PACO type I, single stage, centrifugal pumps 

are available in both UNITYPE and frame 

mounted designs. They are designed and built 

for ideal compactness, high performance, dur- 

ability, and versatility of application. They 

range in size from 1” to IO” with capacities 

as high as 4100 GPM. PACO type L pumps 

emphasize standardization of parts and maxi- 

mum interchangeability permitting the custo- . 

mer a minimum of stock parts and flexibility 

for future modifications. 

The PACO UNITYPE features a short shaft de- 

sign for minimum overhang and minimum shaft 

deflection. UNITYPE and frame mounted mod- 



TYPE L FRAME IWXJNTED SINGLE STAGE 

‘IVY 
‘OF 

.K I 

END SUCTION. 
CENTRIFUGAL PUMPS 

SIX BACKPLATE COMBINATIONS PROVIDE 
MAXIMUM INTERCHANGEABILITY 
OF PACKING OR MECHANICAL SEALS. 

OVERSIZE SHAFT IS 

SLEEVE EXTENDS COMPLETECY 
THROUGH THE WET END, FULLY 
PROTECTING THE SHAFT. 

PRECISION GROUND \ I ‘1 

CASE WEAR RING(S) 

FRAME PROVIDES RIGID 
! T .  MAXIMUM INTERCHANGEABILITY. 
‘ULL-OUT DESIGN. 

i :* 

Standard 

__-. 
HEAVY DUTY “LIFETIME” 

ON THE CASE 
4RE EASILY REI 

. 
ENCLOSED IMPELLER 
IS STATICALLY AND 
DYNAMICALLY BAtA) 

els may be mounted vertically or 

horizontally, with discharge connec- 

tions available in several positions. 

With their heavy frames, shafts and 

ball bearings, PACO frame mounted 

F-. pumps are the ideal for reliable 

heavy duty service. They are avail- 

able in 6 different frame sizes to 

match all HP requirements up to 180 

HP. 
/=. 

Frame mounted models are available 

;pvith cajt iron bases with drip-lip and 

Jrain tapping or fabricated steel 

bases. 

-w 

packing box 

PREVENT 

“IACED 

4CED. 

Frame mounted Type 1 

direct connected through 
flexible couplinq and 

mounted on cosriron bare. 



CONSTRUCi-ION FEATURES 
END SUCTION 

CENTRIFUGAL PUMPS 
BASES 

Cast iron base for 

frame mounted pumps 
Special cast iron base 
for PACO Unitype 
pumps recommended 

for quietness and 
ease of servicing. 

provides rigid bed- 
plate with integral 

.’ Fabricated steel base 
plate for mounting 

frame mounted - 
pumps. Can be Heavy gauge 

drip rim and 

drain connection. 

furnished special with coupling guards 

fabricated drip rim and of rolled steel 

drain connection. are available. 

1. STANDARD P 

m-1 
2. STANDARD MECHANICAL SEAL 3. SPECIAL NECHACllCAl SEAL 

The wide selection of mechanical shaft seals and packed boxes Mechanical shaft seals can be furnished for almost . . . .a 

made possible by the backplate interchangeability (as shown any liquid. Special, balal riced, double and llqura ._ 

above and on page 9 I, provides PACO Type 1 pumps with cooled seals (=2 thru 6) each have special applica- - 

wide versatility. The PACO “quick-apart” 2-piece bronze gland tion according to liquid being pumped, temperature, 

pressure, presence of abrasives or other chc packing box enables pump to be quickly and easily repacked. 
wacter- 

A_. . 
t see * 1 above J 

“9 6 “4 



* 

A 

Replaceable bronze 

shaft sleeve protects 

shaft from.wear or 

corrosion. Stainless 

steel, monel, other 

metals and coatings 

available. 

I  

TYPES L & OL 
END SUCTIOf’i 

CENTRIFUGAL PUMPS 

PACO shafts are 

precision ground 

stress-proof steel and 

minimum deflection. 

Special alloy options 

available. 

Bronze case wear rings 

revent case wear insure close 

A ‘-learances and maximum 

.fficiencies. Other metals 

available to suit application. 
I 

Ala 

PACO pressurizer for 

use with double 

mechanical shaft 

seal. 

istics of the liquid. Double shaft seals has provision 
/“I. 

or protection against abrasive materials by main- 

aining seal chamber at a higher pressure than pump 

pressure. (Construction features of shaft seals shown 

with table on page 8 .) 



1750 RPM PUMP SELECTION CHART 

END SUC-flON 

CENTRIFUGAL PUMPS 

INDIVIDUAL PERFORMANCE CURVES MUST BE USED FOR FINAL SELECTION 

TWO STAGE TYPE OL SELECTION CHART 
3Md RPM L 1750 RPM 
0 5 10 15 20 

CUBBC M~EpS&ER4~OOUR 
60 60 

800 

760 

720 

680 

640 

600 

560 

520 

480 

440 

400 

360 

320 

280 

240 

200 

1.80 

160 

140 

120 

100 

80 

60 

40 

20 

U.S. GALLONS PER MINUTE 
R 
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DIMENSIONS - TYPE L FRAME MOUNTED 
END SUCTION 

CENTRIFUGAL PUMPS 

1” THRU 2” HAVE 

THREADED CONNECTIONS 

2’/,” AND UP HAVE 

FLANGED CONNECTIONS 

____-- A lMAX.1 

AND 1 DIMENSIONS IN INCHES -1 PUMP DISCH. 
MODEL SUCT.SlZE 

t 
A P P I 

!  
n ” I 

1 
t 

a 
I 
!  

.I 
1” 

I 
!  

%- 
1 

I 

1050 1" x 1 '/‘j " I I I 

1070 1 " x 1 '/!i " 3t I - - 

1250 1 1'/411x1'/!j/1 26 ‘/a 

I 
I - ,” I 

1270 1 % " x 1 'h " 17% 

2050 2" x 2 y$" 

2070 2" x 2 ,/zI' 42% I I ,- 

2095 2" x 2 % 'I 53 '/!4 23% 13 

I-- 3070 2512 I 1 3" x 4" 45 

- . . 

4070 4" x 5" -- 

4095 4" x 5" 6C ._ I -- 

4012 4" x 5" 53 '3h 1 237 . .- ./16 13 

4015 4" x 5" 63%6 28 15 ._ 

5095 5" x 6" 51 '/2 21716 14 7 '/I i 5'/, t81 
e 

._ .- I 

5012 5" x 6" 54%' 23716 14 8 % 5% 
I 5015 I 

/ 10% 

c 
5" x 6" - I 69 "l/l6 30 Y8 17 9 % 6 f  11% 

15 73/, 6 Y4 1 12'/4 6012 6" x 8" 65% 28 I ,- 

6015 6" x 8" 7OY.4 30% 17 10 6% 

8012 8" x 10" 70% 30% 16 8 6 

'h 82 '/a 20 11% 7 l/z - 1 10015 1 lO"x12" 7 81 ____--.. - 



Section 1.1304 
Flocculation Tank and Appurtenances 



VERTjCCAL FLOCCULATOR 
GENERAL'DESCRIPTIGN 

INLET + -8: 

OUTLET+- k 

PADDLES 

3 +CRAlN 

The WesTech Vertical Flocculator is a highly efficient mechanism 
that gently, but thoroughly, mixes chemically treated water by 
means of paddles mounted on a structural frame attached to a 
rotating shaft. 

The action of the paddles brings solids in the water passing 
through the flocculation basin into contact with chemical addi- 
tives, so that floe particles are formed that can be readily 
settled in a sedimentation basin. 

"ah 
The tip speed of the paddles is variable, so that an optimum 

/f"@- speed for floe formation can be selected to suit requirements, 
and varied to allow for changes in the influent, 

m 3605 South West WESTECH ENGINEERING INC.,P.O.Box 15068 --.- Temple 
Salt Lake City, Utah 84115-0068 (801) 265-1000 WT6/86 
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Section 1.1306 
Multi-Layer Sand Filters 

h 

,-  



B 

1 

b B 

LI 1 

c- A -- 12’ -----+ +-K--c 

1 I 

BY-PASS VALVE 
( NORMALLY CLOSED 1, 

FILTERED WATER - ZZ-- 
-- ----- _ _ e-m _ _ _ _ = -c-- RAW WATER 6 

= 

11 INLO 
VALVE 

Ii 
II 

I 
II 

n !I 1 -- -- 
OUTLET 

/ 

VALVE 

ITEll NO. DESCRIPTION 
II AUTOtlATlC BACKWASH FLOW COKTROLLER 
13 EJECTOR ( AVAILABLE ) 
29 600 SERIES nULTiPORT VALVE 
31 BY-PASS BLOCKING VALVE ( AVAILABLE 1 

NOTE 

I. INSTALL PIPE UNIONS A fllNltllJll OF 12 

INCHES FROll THE INLET, OUTLET AN0 DRAIN 
LINE ADAPTORS OF THE CONTROL VALVE. 

i REGENERANl 1 / / 

TANK AN0 
OECTOR 

I I 

G H 

-n’ MODELS 
ONLY 

DRAIN 
TO 
DRAIN 

I 

1 O3 
04 

2 ALL PIPE AND PIPE FITTINGS, ETC. SHOWN 
IN DASHED LINES TO BE FURNISHED OY 
OTHERS. 

N.O. * NORflALLY OPEN 

zi!! iY “IYI*tQ”, 

I)-m.!s,mm,.n~.3u~lN- u-m 
- TWIN UNIT 600 VALVE WATER 

-m)10.~lO”~“**OUn FILTER ( FIBERGLASS TYPE ) 
M.l.m-me”-e1cm=a-- -. _-~ 
~,?w.mmD.-“rm-a-owv.n -. cxmtuu 

“0” 262 - R m.  
DC3 1-1 {.A 

6-438 

;r;;: 



A 

II *lJlOu*nC OiCrwAW CCOW CONtfiOLL Cr( 

BR,,NC4 - UA?lC 

UVLTIPORT VALVf ‘. 

\ 

BY * ?A$$ VALVE 

(UOaWLCT CLOSCD) 

\ 

--. .-c 

WNER - MATK 

AULTIPORT VALVE 

SINGLE UNIT HEAVY DUTY 

CC.,CI.I4OU 

-I. _.__e-- 
BRUNER CORPORATION 

i%G.%. Sk -263 -117 
MItWAUKCE, WISCONSIN l CITY OF INDUSTRY, CALlFOPWlA 

-I.-._ __.- - 
--~-- --- .-._-- __--- 



Bruner Corporation 
500 West Oklahoma Avenue 
Milwaukee, Wisconsin 53207 

U.S.A. 

414-747-3700 
Telex: 6878041 Raytec 
FAX: 414-747-3812 

Supplementary 
Data 
Sheet 

SPECIFICATIONS MULTI-LAYERED ML+ 

Filter Media Consists of Various Sized. Distinctly Layered Sand. 

SPECIFICATIONS ACID NEUTRALIZER AN++ 

~3 ;.j Refer to back page for notes. 

Paw 1 of 2 

-’ - ’ Refer ig back paae ior notes. 



01 Bruner Corporation 

*T----t 
500 West Oklahoma Avenue 
Milwaukee, Wisconsin 53207 

Supplementary 
U.S.A. 
414-747-3700 Data 

.-T 
Telex: 6878041 Raytec 
FAX: 414-747-3812 Sheet 

NOTES: 
HF SERIES 
FILTERS 
ML&AN 

1. 4BWA-Minimum 4” water supply required. Filter manifold connections 
3” inlet and outlet and 3” backwash assist. 
Reference: Drawing series D-262-16 (automatic units only). 

GBWA-Minimum 6” water supply required. Filter manifold connections 

3” inlet and outlet And 4” backwash assist. 
Reference: Drawing D-262-l 6. 

F----Y 

h 

4’.6’,8’ - Filter manifold is a manual or automatic butterfly valve nest 
Reference: Drawing series D-262-l 7. 

All other models feature the BRUNERMATIC multiport valve. 
Reference: Drawing series D-262-13, 14, 15. 

2. As a general rule - Lower flows produce higher quality water and larger volume of treated water between 
backwashing. 

SUPERIOR 

l Recommended for most filtering applications under all operating conditions. 
l Best quality water 
9 Maximum time on line between backwashing 
. Lowest pressure loss 
l Recommended for influent suspended solids loads up to and greater than 300 ppm 

HIGH 

l Well suited for many filtering applications 
l Very good quality water 

l Moderate time on line between backwashing 
l Increased pressure loss 
. Recommended for influent suspended solids loads less than 300 ppm. 

UTILITY 
l Flow rates listed are at peak design - operation at higher flow rates not recommended 
l Satisfactory water quality 

l Shorter on line time 
l Higher pressure loss 
. Recommended for influent suspended solids loads less than 150 ppm. 

Multi layered filters are capable of 10 micron effluent water quality or better. 
All other filter types are capable of 40 micron effluent water quality or better. 

3. All pressure drop figures are based cn new filter media and a water temperature of 60 “F. 
N.R. - not recommended. 

4. Allow a minimum of 24” above filter fc: access into top of tank 

5. It is recommended that filters be backwashed before the pressure drop increases by 12 p.s.i. 
over the pressure drop of a clean filter. 

a. Other special filter media and tank sizes are avail&Ye through our engineering department. 
b. Consult factory for applications on water tempera!:res above 120 “F. 
c . Refer to HF sales bulletin Z-2203 for further sales :.niorma!ion. 

Page 2 of 2 
7.7m1-4 

4h 



Section It.1307 
Low Profile Air Stripper Package 
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Alan Larson 
Baker Environmental, Inc. 
Airport Office Park,Bldg. 3 
420 Rouser Rd. 
Coraopolis, PA 15108 

April 19,1993 

RE: Proposal ##393515-l 
SITE ID: Hadnot Point 

Jacksonville, NC 

Dear Alan, 

I have revised proposal #393515-l for our four-tray Model 3641 ShallowTray low profile air 
stripper for your remediation application. 

I understand that the treatment flow rate is 80 gpm and the water temperature is 50°F. 
ShallowTray systems are more tolerant of inorganics than other types of aeration equipment, 
however, high concentrations can cause operational difficulties If proper precautions are not taken. 

Expected performance for the Model 3641 ShallowTray air stripper operating at 80 gpm (normal 

operation range is l-90 gpm) and 50°F is as follows: 

Contaminant Untreated 
ppb 

Vinyl Chlorlde 300 
Trichlorpethylene 180 
cB-Jn$:;hloroethylene 42,000 

7,900 

After 1st After 2nd After 3rd After 4th 

Tray W Tray ppb Tray wb Tray wb 

3 <I <I <l 
9 

13: 
<l <l 

2,381 
1,344 229 3: : 

The price for one ShallowTray Model 3641, with optlonal components, is listed below: 

Basic System Model 3641 
Sump tank & 1 tray, 304L stainless steel 
3 Additional tray(s), 304L stainless steel 
Blower, 4 tray, 7.5 hp, 900 cfm @ 18wc, 3 phase, 23OV, EXP 1 
Inlet screen and damper, 304L stainless steel demister, air pressure gauge, spray nozzle, sight 
tube, gaskets, stainless steel latches, Schedule 80 PVC piping, tray cleanout ports, steel frame. 

Basic System Price $22,9291 

__ _._ - - _ . _._.___ -.._--__ .-.-_- __.-_. __.- 

Norlh East Environmenlal Products 17 Technology Drive 1 ‘jest Lebanon NH 037Sd (603) 296-7051 Fax (603) 203-7363 <a 
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Options 
Oil / Water separator 
Oil / Water separator options (alarm & hi-level switches, frame) 
Feed pump, 90 gpm, 50 tdh, 3 hp, 3 phase, 23OV, EXP 
Discharge pump, 90 gpm, 50 tdh, 3 hp, 3 phase, 23OV, EXP 
Additional blower 
Blower start/stop panel 
NEMA 3R main disconnect switch 
Standard NEMA 3R control panel with alarm interlocks, motor starter, panel 
light, UL Listed (for remote mount) 
Standard NEMA 3R control panel with pump level controls, alarm interlocks, 
motor starter, panel light, UL Llsted (for remote mount) 
Control panel IS components 
Intermittent operation 
Strobe alarm light 
Alarm horn 
Low air pressure alarm switch 
High water level alarm switch 
Discharge pump level switch 
Water pressure gauges 
Digital water flow indicator & totalizer 
Air flow meter 
Temperature gauges 
Line sampling ports 
Air blower silencer 
Washer wand 
Auto dialer 
Other 

0 
0 
1 
1 
0 
0 
I 
0 

1 

2 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
2 
0 
1 
0 
0 

$1,111 
$1,111 

$0 
$0 

$98 
$0 

$2,666 

$644 
$728 

$0 

$1;: 

$70 
$70 
$47 

$963 
$144 

$39 
$53 

$0 
No Charge 

$0 
$0 

Options Cost $7,908 

Price With Options $30,836 

The system is 7’3” high, 6’2” long and 5’ wide and weighs approximately 1,840 Ibs. 
Customer to supply feed pump Hi/Lo probes and Hi/Hi tank alarm probes. 

‘All systems are shipped pre-assembled and factory tested. Normat shipment is 
approximately 4 weeks from receipt of order. Purchase terms are 30% with the order, 70% 
net 30 days from delivery. Prices are valid for 90 days only. I look forward to working with 
you on this project. Once again, thank you for your interest in our products. 

Sincerely, 

File: Baker Env., Inc. 

David Steele 
Customer Service 

FlPR 19 ‘93 12:43 
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FRONT RIGHT SIDE 

r TEMP. GAGE 

WATER PRESS. 
f--GAGE 

:Oh’?ROL PANEL 
k MAIN 01.920~~ 

POWER:30,23Ovolt, 4 WIRE and GROUND 

‘CONSULT N.E.E.P. FOR AMPACITIES AND 
OTHER VOLTAGE OPTIONS 

RBsII;sysLEM QPTIONAL IEMS liQI!L 
.J- SUMP TANK 
J AERATION TRAYS 

.J DISCHARGE PUMP 

J BLOWER 
J FEED PUMP 

ADDITIONAL OLOWER 
1. DRAWING REPRESENTS A UNIT TYPICAL TO THE 

J-AIR PRESSURE GAGE z EXP MOTORS 
SPECIFICATION YOU REQUESTED. MINOR CHANGES 

,f DEMISTER PAD 
MAY RESULT IN THE MANUFACTURING PROCESS 

;r PIPING 
BLOWER START/STOP PANEL 
CONTROL PANEL 

,/- SPRAY NOZZLE 
J/: WATER LEVEL SIGHT TUBE F 

MAIN DISCONNECT SWITCH 
IS COMPONENTS/REMOTE MOUNT 

.,(A GAsKETS 
J LATCHES 

z INTERMll-TENT OPERATION 

J rRAMC 
_____ STROBE LIGHT 
_._ ALARM HORN 

POWER LOSS INDICATOR I ITEM I SIZE I 

?-LOW AIR PRESSURE ALARM SWITCH 
<HIGH WATER LEVEL ALARM SWITCH 
,/-DISCHARGE PUMP LEVEL SW!TCH 
Jc7- WATER PRESSURE GAGES 
&DIGITAL WATER FLOW INDICATOR 
J AIR FLOW METER 
J-TEMPERATURE GAGES 
\z LINE SAMPLING PORTS 

AIR BLOWER SILENCER 
z WASHER WAND 

1 AIR EXHAUST NOZZLE 1 8 In. 0 FLANGE 1 

I 

I: 

NORTH EAST EMVlRONMEtfTAL PROOUCTS. INC. 
17 TECHNOLOGY DRlVE 
WEST LEBANON, NH 03764 
(603) ‘29&706l 

TOLERINCES DRAWlNO UAME: 

UNLESS 3621 
OTHERWISE - 
SPEQRED DRAWING I: 

* 1 In PROPOSAL #393515 

wuwN: 
OS cusToMER:Baker Env. 

I 

lATEi 315193 SCALE: szz:* SHEET: OF: 
_ AUTO DIALER c 

+ SAMPUNG PORT 

MINIMUM CLEARANCE 



Model Pictured: 3631 @ 
Options chosen for system pictured: 

JdEXP Feed and Discharge pumps 

dTwo NEMA 7 control panels with 
alarm interlocks, motor starters and 
intrinsically safe relays for the 
ShallowTray s stem, as well as 
EXP controls or two well pumps, P 
an oil water separator and surge 
tank 

3fNEMA 7 main disconnect switch 
dLow air pressure alarm switch 

dHigh water level alarm switch 

aDischarge pump level switch 

-dW ater pressure gauges 
rdDigita1 water flow indicator and 

totalizer 

24 Air flow meter 

aTemperature gauges 

‘-dLine sampling ports 

AIR EXHAUST 

R41 

4 

r” 

AIR FLOW GAGE 

4’ CLEANOUT PORTS 

HANOLES 

8‘lNSPECTlON PORT 

HIGH LEVEL ALARM FLOAT SWlTCl, 

SAMPLE PORT 

PRESSURE GAGE 
TEMPERATURE GAGE 

m FLOW CONTROL VALVE 

,e PUMP FLOAT SWITCH 

AERATlON TRAY 

- I 

==l 

AERATION TRAY 

- I 

-1 
‘12 m. 

*ERATION T9” I 
- -I, 

I 
‘in 

AEAATlON i&t I 
- -1 

i 

FRONT VIEW 

- ‘Use these drawings as a guidehne only Sys\ems are built 10 your pro&s S~-~CIIIC~~IOI~S 

4% 
--‘i 

w 

RIGHT SIDE VlEW 



"IThree Trays 

x OneTray i I 
!  I 1 I ? I !  L 
: ,O m  :< e 5; c ‘2 (c: r: )03 

Percent of Rated GPM 

3600 

------ 
Benzene 

l , 
\ 

.\ 
-\ 

:,; - . .- .._~ 

.+TBE 
‘-.. 

‘. 
‘.. 

-..... 
~- ----- 

1 3611 1-75gpm 1 5’ 6’2” 5’3” 900 1240 1 

I 3621 I-75gpm 2 5’ 6’2” 6’3” 900 1440 

I 3631 l-75gpm 3 5’ 6’2” 7’3” 900 1640 
I 

) 3641 I-75gpm 4 5’ 6’2” 8’3” 900 1840 ) 
"1FourTravs 

---------- 
Benzene WC- 

3600 AERATION TRAY 

TOP VIEW 
he graphs represent app-: c?a;e remova! s.- ::~nc~es. us.2 ;?e 
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System Performance Estimate 
Client & Proposal Information: 

Baker Env. 
393515-z 
Option 1 ,Avg. 

Contaminant 
Untreated Model 3611 

lnfluent Effluent 

8enzene 

c-1,2-Dichloroethylene 

Trichloroethylene 

Vinyl Chloride 

Water 
Air(lbs/hr) 
% removal 

290 ppb 35 iwb 
0.010204 
88.1978% 

1870 ppb 62 tvb 
0.072352 
96.6985% 

650 ppb ‘9 fvb 
0.025251 
97.0993% 

325 ppb 2 ivb 
0.012926 
99.4372% 

Model 3621 
E{$y 

Air(lbs/hr) 
% removal 

5 wb 
0.011405 
98.6071% 

3 Ppb 
0.074713 
99.8910% 

1 r’i’b 
0.025971 
99.9159% 

~1 ivb 
0.013005 
99.9968% 

Air Flow Rate: 
Water Temp: 
Air temp: 
AJW Ratio: 
Safety Factor 

Model chosen: 3600 
Water Flow Rate: ;3;cy[m 

63.0 F 
40.0 F 
p;x. ft/ cu. ft 

Model 3631 

E&flu y t 

Air(lbs/hr) 
% removal 

1 wb 
0.011565 
99.8356% 

~1 wb 
0.074830 
99.9964% 

~1 wb 
0.026011 
99.9976% 

~1 wb 
0.013006 
100.0000% 

Effw-it 

Air(lbs/hr) 
% removal 

~1 fvb 
0.0116C13 
99.9806% 

~1 wb 
0.074833 
99.9999% 

~1 wb 
0.026011 
99.9999% 

~1 wb 
0.013006 
100.0000% 

This report has been generated by ShallowTray Modeler software version 1.3.0. This s&ware is designed to assist a skilled operatcn 
in preckling the perfonance of a ShallowTray air stripping system. The software win accuratety predxt the s?s!em performance 

& when both the equipment and the software are operated accorcting to the written documentation and standard op&on. 

,f@--- 

North East Environmental Products. Inc. cannot be responsible for incidental or consequential damages resul!kg from the improper 
operation Of either the software or the air stripping equipment. Report generated: 4/28K? 

0 Copyright 1992 North East Environmental Products, Inc. l 17 Technology Drive, West Lebaxn. NH 03784 
Voice: 603-298-7061 FAX: 603-298-7063 . AII Rights Reserved. 

RPR 23 ‘93 lo:22 
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Model chosen: 3600 
Water Ftow Rate: kK);cg$~ 
Air Flow Rate: 

System Performance Estimate 
Client & Proposal Information: 

Baker Env. 
393515-2 
Option 1 

7s’ 

Untreated Model 3611 
Contaminant lnfluent 

h 

h 

Benzene 

C-1,2-Dichloroethylene 

Trichloroethylene 

Vinyl Chloride 

770 ppb 

4460 ppb 

1520 ppb 

326 ppb 

Effluent 
Water 
Air(lbshr) 
% removal 

91 wb 
0.027172 
88.1978% 

148 ppb 
0.172556 
96.6985% 

45 ppb 
0.059026 
97.0993% 

2 wb 
0.012926 
99.4372% 

P. 03 

Model 3621 

Effluent 
Water 
Air(lbslhr) 
% removal 

11 wb 
0.030373 
98.6071% 

5 wb 
0.178279 
99.8910% 

2 wb 
0.060747 
99.9159% 

~1 ppb 
0.013005 
99.9968% 

Water Temp: 
Air temp: 
A&V Ratio: 
Safety Factor 

Model 3631 

EJ!‘Ll’::’ 
Ai;lbs/hr) 
% removal 

2 wb 
0.030734 
99.8356% 

<I tvb 
0.178472 
99.9964% 

~1 wb 
0.060825 
99.9976% 

~1 wb 
0.013006 
100.0000% 

63.0 f 
40.0 F 
84.1 cu. fW cu. ft 
None 

jiilzmq 
E,ffw$ t 

Air(lbs/hr) 
% removal 

4 PPb 
0.030808 
99.9806% 

-A wb 
0.178478 
99.9999% 

4 Ppb 
0.060827 
99.9999% 

<1 wb 
0.013006 
100.0000% 

This report has been generated by ShallowTray Modeler software version 13.0. This software is designed to assist a sklled operator 
In preckting the performance of a ShallowTray air stripping system. The sotiam wi[ accuratetf pm&t the system performance 
when both the equipment and the softvvare are operated awn&-g to the tilten ckumenfation ti sadard operation. 
North East Environmental Products. Inc. cannot be responsible for incidental or consequenb’al carnages resulting from the imprope! 
operation of either the software or the air stripping equipment. Report generated: ~88;93 

0 Copyright 1992 North East Environmental Products, Inc. * 17 Technology Driva. West Lebanon, NH 03784 
Voice: 603-298-7061 FAX: 603-298-7063 * All Rights Reserved. 

QPR 25 ‘93 10:54 
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System Performance Estimate 
Client 81 Proposal Information: 

Baker Env. 
393515-2 
Option 1 

AWL 

P, 04 

4 

R 

A 

Contaminant 
Untreated Model 3611 

lnfluent Effluent 

Benzene 

c-1,2-Dichloroethylene 

Trlchloroethylene 

Vinyl Chloride 

Water 
Air(lbs/hr) 
% removal 

7900 ppb 933 ppb 
0.278803 
88.1978% 

42000 ppb 1387 ppb 
1.625236 
96.6985% 

14000 ppb 407 ppb 
0.543959 
97.0993% 

360 ppb 3 PPb 
0.014286 
99.4372% 

Model 3621 

Ekf!l%? 
Air(lbs/hr) 
% removal 

111 ppb 
0.311697 
98.6071% 

46 wb 
1.678899 
99.8910% 

12 wb 
0.559766 
99.9159% 

~1 W 
0.014406 
99.9968% 

Model chosen: 3600 
Water Flow Rate: z;;c$f,m 
Air Flow Rate: 
Water Temp: 
Air temp: 
A/W Ratio: 
Safety Factor 

63.0 F 
40.0 F 
;$.l$u. ftJ cu. ft 

Model 3631 
EfflR;t 

Air(lbsfir) 
% removal 

13 wb 
0.315619 
99.9356% 

Model 3641 

Ez%Tt 
Air(lbs/hr) 
% removal 

2 wb 
0.316059 
99.9806% 

2 wb 
1.680660 
99.9964% 

~1 wb 
1.680738 
99.9999% 

1 wb 
0.560207 
99.9976% 

<I wb 
0.560246 
99.9999% 

~1 wb 
0.014406 
100.0000% 

<1 ppb 
0.014406 
100.0000% 

This report has been generated by ShallowTray Modeler software version 1.3.0. This softwars is designed lo xsist a sldlied operate 
in predicting the performance of a ShaJbwTray air strippppkrg system. The software will accuraIefy predict the sys’&m performance 
when both the equipment and the software are operated acaMng to the written doaynentation and standa;c cpxation. 
North East Environmental Products. Inc. cannot be responsible for incidental or conseq~entk+J damages resusng horn the improper 
operation of either the software or the air stipping equipment Repoct generated: U2E93 

0 Copyright 1992 North East Environmental Products, Inc. * 
Voice: 603-298-7061 

17 Technology Drive, West Lekancn, NH 03784 
FAX: 603-299-7063 - All Rights Reserved. 

GPR 29 ‘93 10:24 
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ltlarmsco@ Up-flow Cartridge Filtration.. . 
/““” A Design so Superior it’s Patented! 

Harmsco’s up-flow design out performs conventional filters! 
To understand how up-flow filters work, follow the diagram 
shown below. 
Fluid enters the filter under pressure and flows through the 
filter media, holes in the center tubes and perforations in 
the rods that hold the cartridges in place. As the fluid con- 
tinues its path through the filter, it flows upward past the 

top seal where it spills over into the standpipe as it hits the 
filter’s domed lid. Notice the top of the standpipe is at the 
high point of the filter. Also, note the filter cartridges are 
sealed at the bottom and held in place with threaded pipe 
caps on the Harmsco model shown in this diagram. This 
unique design offers the following significant advantages: 

“R-. 

No Air Entrapment During Operation 
Air entrapment during operation is eliminated be- 
cause the outlet (top of the standpipe) is located 
at the /rig/r polnl of the filter. 

-El 

Conventional Filters 
:***.ee%&**%j Air accumulation is a common 

problem with conventional 
filter designs because their 
outlets are located below the 
inlets. Reduced efficiency 

- results since the filter media 
cannot be utilized where air 
has accumulated. 

Because air travels upward with the fluid and exits 
r”l the filter through the standpipe, vents to discharge 

4 accumulated air are not required. (If vents are 
required, lids with vent fittings are available.) 

Superior Filtration 
Since 100% of the media is used 100% of the 
time, superior filtration is assured! 

“r. 
Two Filter Types Available: 
“Cartridge Cluster” f i I ters 
Cartridge replacement is made easy with Eartridpe 
clusier filters since the entire set of cartridges are 
removed at one time for quick cartridge change- 
out or dleaning. 

Twelve Models 
Available 
Harmsco industrial filters are 
available in twelve models for 
flow rates up to BOO GPM. 

Harmsco Reusable 
Filter Cartridges 
Harmsco filter cartridges may 
be cleaned and reused in 
most applications. Entire 
cluster can be cleaned without 
disassembly, as shown below 

No Fluid By-pass During Servicing 
Fluids cannot by-pass Harmsco filters during ser- 
vicing because the filter’s outlet (top of standpipe) 
is located above the filter’s inlet. A significant 
advantage in critical filtration applications! 

Eiectro-Polished 
All Harmsco Industrial Filters are electro-polished 
for increased resistance to corrosion. 

Fail-Safe Lids 
Lids come standard with wing nuts so they may 
be easily opened without tools. Multiple studs pro- 
vide fail-safe closure. No single-bolt clamp closure 
used! (HIF-W-FL and HIF-200-FL filters come standard 
with hex nuts). 

Pressure Rated to 150 psi 
Filters may be safely used in pressures up to 
150 psi. 

Compact Design 
Our compact, space saving design requires less 
floor space than other filters. We have more 
cartridges with more filter media than anyone! 

Large Capacity Filters Feature 
“Cartridge Lifters” for Easy 
Cartridge Removal 
Large capacity Harmsco filters use carlridge 
liffers to remove a stack of cartridges at one time 
for added convenience. Cartridge lifters can 
accommodate up to four cartridges, depending on 
the filter being used. 

a 
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Cartridge Cluster Models 
to Remove the Entire Set 
of Cartridges at One Time 

NOTE: In high flow appli- 
catllns, two or more car- 
tridge cluster models 
may be installed in 
parallel to take advantage 
of Harmsco’s unique 
cartridge cluster design. 

,f--- 
-e 

HIM HIM4 HIM6 HP21 HIF-24 

UD to 30 30-60 60-75 75-90 9’s 105 

7 14 24. 16 

8 doubles 

2” 

21 

7 triples 

1%’ 

Flow rate (ranse in GPM) 

Na of std. size cartrfdaes 

Alternative length cartridge 

Pipe size (NPT) 

Filter height 

Floor space requkd 

Service height clearance 

Shipplng weight (appmx.) 

single only 7 doubles 

V/2” I’/+” 

19.5” (49.5 cm) 28” (71 cm) 

13x13” (33x33 cm) 13x13” (33x33 cm) 

35” (89 cm) 48” (122 cm) 

29 Ibs. (13 kilos) 39 Ibs. (17.6 kilos) 

2* 

28” (71 cm) 37” (94 cm) 

13x13” (33x33 cm) 13x13’ (33x33 cm) 

48” (122 cm) 68” (173 cm) 

39 Ibs. (17.6 kilos) 50 Ibs. (22.6 ktlos) 

37” (94 cm) 

13x13” (33x3.3 cm) 

58” (173 cm) 

50 Ibs. (22.6 ktlos) 

Large Capacity Filters 
with Cartridge Lifters 
for Easy Cartridge 
Removal 

HIF-56 
-18”- 

HIF-ZOO-FL 
-- 28”- 

HIM5 
HIF42 

-18”- 

HIF-28 
-18”- 

HIF-28 HIF-42 HIF-56 HIM5 HIF-100 HIF-150-FL HIF200-FL 

Flow rate (range in GPM) 

Na of std. size cartridges 
Ah. length cartridge 
Pipe slze (NPT) 

Filter height 

F,p ..,..a..~ an,daA 

105-12s 

28 

14 doubles 
2” 

125-175 

42 
14 triples 

2” 

175-225 

58 
28 doubles 
3” 

225300 

75 

25 triples 
3” 

3@3-400 

100 
50 doubles 

3” 

400-603 

150 

50 triples 

4” flanged 
.̂ _ 

6oo-aoo 

200 

100 doubles 

4’ flanged 
--_ 

30” 40” 50” 42” 52” 48” 33” 
76 cm 107 c- 4.37 -- .m _- ..?A -- 499 “ml 147 C” 

18 x 18” 18 x 18” ,“I aparr I.zI(“II~” 18 x 18’ 20 x 20’ 20 x 20” 28 x 28’ 28 
46 x 46 cm 4fi Y A6 cm AR Y 4F, r-m Gl Y r;l 9-m Y x 51 cm 71 x 71 cm 71 

7” (221 cm\ 76” (193 cm) -G 

“-. 

. _ . . .  . -  .  .  . -  - . . .  . -  I ,  . -  “ . . .  1, n “ I  Y,Ql ”  

Service height clearance 48” (122 cm) 6R” II72 cm) 87” E?l cm) 70” f178cml 8 

Shlpplng weight (appmx.) 79 Ibs. 
36 kilos 

* - -  , .S ” .  .  \~~ (236 cm) 

100 Ibs. 129 Ibs. 167 Ibs. 168 Ibs. 274 Ibs. 321 Ibs. 
45.3 kilos 58.5 tdlos 75.7 kilos 86 kilos 124 kilos 155.6 kilos 

Standard Fllters: Standard filters are 304 stainless steel. Rim gaskets and top seals are EPIX. Sottom seals for large capacity fine-x : 
filters are Buna-N. Other options available. 

,re natural gum rubbe’ 0.rings for cluster 

NOTE: Flow rates are guidelines Only. Filter selection is influenced by the cartridge to be used. viscosity. suspended solids and lenq:- :’ “!:er run dew% R;7fs s?own are for 
clean water at ambient temperature. Flow rates vary and typically range between three to six gallons per sediment cartridge. 

Patents: Harmsco Industrial Filters are manufactured under one or more of the follo\sing patents: u S Patems #3j79322 and #415:7 :i-zda. ng77$Ej 
West Germany: #226187O7. France: CT46864 Hurricane #5174696. Other patents pendmp 

ice:: s.za,n- #1372014. 
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Options 
Metal Cartridae Holders & Caos Stand&es 

304 Stainless Steel 

316-L Stainless Steel 

Coatings Available: 

Xylan: Single coat process for 
excellent resistance to corrosion. 

Dykor: Triple coat process for ex- 
cellent resistance to corrosion. 

WC (Standard) 
For temperatures to 16oOF. 

CPVC (Optional) 
For temperatures to 2009. 

Stainless (Optional) 
For temperatures to 35oOF. 

Swing-Bolt Models Available: 
SB-8 (8 cartridges) 
SB-16 (16 cartridges) 
SB-24 (24 cartridges) 

BetterBag” Filters 
Select Harmsco’s high capacity BetterBag filters when more precise cartridge filtration is not required. Special 
features include electro-polished stainless steel, ld-gauge stainless steel basket to accommodate large #2 
filter bag, easy wing nut lid closure and compact design. Models include: 

Product Code Description Pipe Size Max. Flow Rate Shipping Wt. 

BBHP Stainless with PVC standpipe l’/Z” 100 GPM 50 Ibs. 
BBHP-SS All stainless steel V/Y 100 GPM 52 Ibs. 
BBHP-2 All stainless steel 2” 150 GPM 54 Ibs. 

Filter Bags Available: 
Nominal. 

Pmduct Code Material Micron 

HIF-PF5 Polyester felt 5 
HIF-PF-25 Polyester felt 
HIF-PF-50 Polyester felt 52: 
HIF-PF-100 Polyester felt 100 

Product Code 

HIF-PP-50 
HIF-PP-108 
NMO-100 
NMO-200 

Nominal 
Material Micron 

Polypropylene 50 
Polypropylene 100 
Nylon mesh 100 
Nylon mesh 100 

Introducing the Harmsco ~u$!$&E. (Patented Dec. 29. 1992 #5.174,896) 

A revolutionary concept in industrial filtration! IV heavy solids and when exceptionally long filter runs are desired. 

The Harmsco Hurricane utilizes patented features to provide dramatically improved filter efficiencies to optimize 
solids removal and provide exceptionally long filter runs. 

Hem’s how it works: Fluid enters the filter tangentially A rotational flow is created within the filter to separate heavy solids 
using centrifugal force. Much like a particle separator, heavy solids contained in the fluid stream drop to the bottom of the 
filter’s outer chamber so they may be drained off manually or automatically. The lighter solids rise upward into the filter’s 
inner chamber where they are removed by the filter’s cartridge, made with angled pleats which are directed toward the rota- 
tional flow to entrap more solids. 

The following fitter cartridges are available for Hurricane HUR-WI-HP filters: 

Product Code Nominal Micron Filter Area Shipping Wt. 
- 

HC1170-0.35 0.35 170 sq. ft. 10 Ibs. 
HC/170-1 1 170 sq. ft. 10 Ibs. 
HC/170-5 5 178 sq. ft. 10 Ibs. 
HC1170-20 20 170 sq. ft. 10 Ibs. 

Shown above: Hurricane filter, Model HC/170-50 50 170 sq. ft. 10 Ibs. 
HUR-170 HP for flow rates to 200 GPM. 
Ht. 48”, Oia. 13”, Shiping Wt. 54 Ibs. NoNce: More Hurricane fillers are forecasted. Stay tuned for futiher mporfs! 

I 
AvailaM from: 

I 

,- Toll Free: (800)-327-3248 l Fax: (407) 845-2474 

Harmsco9 Jndustrial Filters 
P.O. Box 14066 / North Palm Beach, FL 33408 

Cl993 H~.-JcO. Inc :: YO 93-H 
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44% HarmscQo Filter Cartridges . . . Compare Our Many Advantages! _ 

r”““\More Filter Area and Pleated Design 
for Increased Contaminant Removal 
Harmsco filter cartridges provide superior filtration 
because our additional media and pleated 
design provide more filter area for increased con- 
taminant removal. 

Low Pressure Drop 
High flow and low pressure drop are typical with 
Harmsco cartridges due to the increased filter 
area they provide. See chart below: 

0.5, 1 

-0 

g 0.4 

5 

go.3 801-l 
0 

e 
iz 
2 0.2 8015 

r; 801-10 
601-20 
601-50 

0.1 BOl-1w 

1 2 3 A 5 6 
Flow Rate (6PM I Water) 

/- 

,-a ,ong Filter Runs and Reduced Labor Costs 
Long filter runs and reduced labor costs associated with cartridge replacement 
are common with Harmsco cartridges, which have more square footage of media 
than any other brand. 

A-. Thermally Bonded for Structural Integrity 
Harmsco cartridges are thermally bonded to provide an integral union between 
the PVC end caps, PVC center tubes and filter media for added strength. Due to 
this unique design, Harmsco cartridges can withstand pressure differentials to 80 
psid, providing extended life. 

A Wide Range of Removal Ratings 
and Color Coding for Easy Identification 
Harmsco cartridges are available in the following nominal micron 
ratings for a wide range of filtration applications. 

Micron* 

,^I 0.35 

. : 1 

End Cap 

Brown 

Tan 

White 

Red 

Blue 

Yellow 

Green 

Description 

Ultra fine porosity. 

Fine porosity for final filtration. 

Our most popular final filter. 

Medium porosity filter cartridge. 

Our most popular pre-filter. 

Medium-coarse filter cartridge. 

Coarse filter cartridge. 

Highly Efficient 
Removal efficiencies are shown below based on tests 
conducted by the Microtrac Division of Leeds & 
Northrup Co. 

Filter Cartridge Percent Removal 
801-0.35 100% 
801-l 99.9% 
801-5 100% 
801-10 99.5% 
801-20 98.5% 

Reusable 
Our proprietary 
blend of Polyester- 
Plus’” filter media 
is cleanable in 
most filtration 
applications. 
Therefore Harmsco 
cartridges reduce 
costs because they 
are reusable! 

Hew HarmscO 
IlIter cartridge 

Hamsco cartridge 
cleaned 8 used 
four limos 

Three Types 
Three cartridge types are available for a wide range of 
applications, including Harmsco “801~Series’: Water- 
Better’” and Activated Carbon filter cartridges. 

WaterBetter bzlivated Carbon 

Three Lengths 
Standard size cartridges are 
available in three lengths 
to fit Harmsco Industrial 
Filters and housings made 
by other manufacturers. 
Standard lengths include: 

Single length 
93k’ 

Double length 
19%” 

Triple length 
29% ” 

FDA Approved Materiafs 
Harmsco cartridges may be used for potable water 
and liquid foods because all materials are FDA 
approved. -2 

/ 4 
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Specifications 
Filter media: Polyester Surface area: 
End caps: Plastisol (pliable PVC) 801-Series: 6 sq. ft. per 9%” length 
Center tubes: Rigid PVC, perforated WaterBetter: 4 sq. ft. per 9%” length 
Temperature: 16oOF (standard cartridges) Dimensions: 23h” O.D.; 1 1116” I.D. 

2OoOF (high temp. cartridges) Lengths: 9%“. 19M': 29’h” 
pH: 3to 11 Shrink wrap: Single length 801-Series cartridges 
Packaging: Cartridges packed 24 per carton. are available shrink wrapped. 

Tests Prove Harmsco Cartridges Outperform Depth Type Filter Elements and Reduce Filtration Costs 

nq 

h 

A test facility was set up to evaluate the performance of various filter 
cartridges. The objective was to establish which cartridge removes more 
solids, filters longer and filters more gallons before it reached capacity. 
Cartridges tested were nominal five microns, and types included string 
wound, spun polypropylene, rigid resin bonded cellulose, Harmsco 
“801-Series” and WaterBetter’” cartridges. 
Test equipment included a test tank, circulating pump, filter housing, 
mixer and pressure gauges installed prior and after the filter housing. 
A mixture of water and AC Coarse Test Duct (3% by weight) was used 
as the test particulate. 

To start the test, each cartridge was weighed (dry) and installed in the 
filter housing. A flow rate of three gallons per minute was maintained. 
A mixer was operated to keep the test dust in suspension and a stop 
watch was used to note start-up and termination times. 
Filtration commenced until a thirty psi pressure differential was achieved. 
The elapsed time was recorded. After each cartridge was allowed to 
dry, it was again weighed to establish the amount of solids it had re- 
moved from the test stream. In all tests the filtered product was equiva- 
lent. The test results are shown below: 

Test Results: Harmsco Harmsco 
“801” WaterBetter 

Resin Bonded Spun String 
Cellulose Polypropylene Wound 

Solids Removal 
Harmsco pleated cartridges 
removed more solids than all 
other cartridges tested. The 
solids removal weights for the 
cartridges tested are shown at 
right. 

Solids Removed: 12.0 oz. 7.0 oz. 3.3 oz. 2.5 oz. 2.1 oz. 

Elapsed Time 
Harmsco cartridges provide longer filtration before they reach 
3Onp. The chart below shows the lapsed time each canridge 
flltered before a 30 psi pressure differential was achieved. 

Gallons Filtered 
Harmsco cartridges filter more gallons because they filter longer 
before they reach 3Onp as shown below. 

Harmrco Harmrco Resin Bonded spun String 
“801” WaterBetter Cellulose fw Wound 

Harmtco Harmsco Resm Bonded spun .xlil?g 
“nor WaterBetter Celluiose w Mmnd 

Elapsed Time Until Filter Reached 3Ob p. Gallons Filtered Before Filter Reached M Lz. p. 

With Harmsco cartridges the more you filter the more you save. With others, the more you fi/fer the more you pay! 



“4 Product Codes and Cartridge Selection 
Top-of-the-Line Harmsco “801-Series” cartridges with six sq. ft. of media per 9%” length 

Nominal Micron Pmduct Code End Cap 
Single/Regular Single/High Temp. Double Triple 

0.35 801-0.35 --- --- --- Brown 
1 801-l 801-l-HT 921-l 931-l Tan 
5 801-5 801~5HT 921-5 931-5 White 
10 801-10 --- 921-10 931-10 Red 
20 801-20 801-20-HT 921-20 931-20 Blue 
50 801-50 801-50-HT 921-50 931-50 Yellow 
100 801-100 --- --- --- Green 
NOTE: Standard single length 801~Series cartridges available shrink wrapped (designated by “w” following product code.) 

No. per Case ,f- 

p4 

e-. 

WaterBetter” Filter Cartridges with four sq. ft. of media per g3/4” length 

Nominal Micron 
Single length 

WE!-1 

We-5 
We-20 
We-50 

Product Code 
Double Length 

WB-921-l 

WB-921-5 
WB-921-20 
WB-921-50 

Triple Length 

WB-931-1 
WB-931-5 
WB-931-20 
We-93150 

End Cap No. per Case 

Tan 24 
White 24 
Blue 24 
Yellow 24 

“9 Taste, Odor, Chlorine, Cyst Removal 

80%AC-W cartridges for taste, odor, chlorine removal 

Polyester felt, impregnated with high quality, coconut shell activated carbon. 50% activated 
carbon; 50% polyester felt. Grey Plastisol end caps; candle netting for added strength. Recom- 
mended flow rate: 0.5 to 1.0 GPMkartridge. Replaceable after six months or when carbon has 
expired. Ideal for taste, odor and chlorine removal. 

801-0.35 and 801-l cartridges for Giardia Cysts removal 

Harmsco 801-0.35 and 801,-I filter cartridges are Independent Lab Certified for Giardia Cysts 
removal, up to 99.9%. 

801-0.35 801-l Note: Above cartridges are packaged 24 per carton. 801~AC-W cartridges are individually shrink wrapped as standard. 

Specialty Products 

Harmsco “Big Blue” 
Nominal 
Micron Width Length Code 

ZO 
‘t’h” QW HB-10-5-W 
4%” QW HB-10-20-W 

50 4% ” 93h11 HB-10-50-W 

5 4’/z ” 20” HB-20-5-W 
20 4’/2” 20” HB-20-20-W 
50 4’/,” 20” HB-20-50-W 

Note: Above cartridges individually shrink wrapped. 

6” x 18” x 2 5/8” 
Nominal 
Micron Code 

5 8618-5 
10 8618-10 
20 8618-20 

Hurricane 

Nominal Area 
Micron &I. ft.1 Code 

0.35 170 HC/170-0.35 

: 170 170 HCIlM-1 HC1170-5 
20 170 HC/170-20 
50 170 HC/170-50 

Harmsco Industrial Filter Housings 
Harmsco, Inc. manufacturers a complete line of heavy-duty, non-code, economical stain- 
less steel filters to accomodate up to 200 filter cartridges and flow rates to 800 GPM 
per single filter. For a copy of our product brochure, please contact our distributor or call 
the toll-free number listed below. 

I 

Stainless steel 
Harmsco Filters 
available for 7 
+n?OO cartridges. 

I Available from: 

AoIl Free: (800)-327-3248 l Fax: (407) 8452474 

_. 

P.O. Box 14066 / North Palm Beach, f L 33408 

/ 
Harmsco’ Industrial Filters 

Z 1993 Harmsco. Inc. L 
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The Calgon Carbon Model 4 is an adsorption system 
designed specifically for the removal of dissolved organic 
contaminants from liquids using granular activated carbon. 
The Model 4 reflects Calgon Carbon’s extensive experience in 
adsorption system design and operation. 

The Model 4 system is delivered completely assembled on a 
steel skid, requiring only site process and utility hookups to be 
ready for operation. The pre-engineered Model 4 design is 
available with three piping materials of construction options to 
satisfy most requirements. 

The process piping network for the Model 4 accommodates 
operation of the adsorbers in parallel or series. In series 
operation, the first stage can be isolated from the flow, have 
the granular carbon exchanged, and returned to operation as 
the second stage without interrupting treatment. 

The Model 4 system allows for ease of granular activated 
carbon exchange. The system is suited for use with Calgon 
Carbon’s Bulk-Back Service in which the granular activated 
carbon is supplied in containers for convenient transfer to the 
adsorbers. Bulk-Back units also receive the spent carbon from 
the adsorbers for return to Calgon Carbon for reactivation 
services. 

MATERIALS OF CONSTRUCTION 

Adsorbers: Carbon steel ASME code pressure vessels 
Adsorber internal lining: Vinyl ester lining (nominal 40 mil) 

for potable water and most liquid applications 
System external coating: Epoxy mastic paint system 
Standard adsorption system piping options: 
Solid PVC Piping System 

l Schedule 80 PVC pipe and PVC ball valves 
l Schedule 80 PVC underdrain and PPL screened nozzles 

Carbon Steel Piping System 
l Schedule 80 steel pipe and ductile iron ball valves 
l PPL lined carbon discharge with TFE lined plug valve 
l Schedule 80 PVC underdrain and PPL screened nozzles 

Polypropylene Lined Piping System 
l PPL lined steel pipe and diaphragm valves 
l TFE lined plug valves on carbon fill and discharge 
l Solid PPL underdrain and screened nozzles 

OPERATING CONDITIONS 

Carbon per adsorber: 
Pressure rating: 
Pressure relief: 
Vacuum rating: 
Temperature rating: 
Backwash rate: 
Carbon transfer mode: 
Utility air: 

Utility water: 
Freeze protection: 

72 cubic feet (2,ooO Ibs) 
75 psig 
Rupture disk - 72 psig setting 
14 psig 
150’F maximum 
125 gpm (40% expansion) 
Pressure slurry transfer 
30 scfm at 30 psig (not 
r&ommended for PVC pipei 
100 g-pm at 30 psig 
None provide’d; enclosure or 
protection recommended 

I I I I (I I 

10 20 40 60 80 100 130 160 

TOTAL FLOW TO SYSTEM: GPM 

WATER AT SO+ 

EPM 72’ 

CALGON CARBON CORPORATION . P.0 EOX il i . PITTSEURG~ 2: 15230.0717. PHD’.E ‘-xo-4CAAaOrh ZZYX6 



DIMENSIONS AND FIELD CONNECTIONS 

,ndsorber vesse1 diameter: 4 ft 
mcess pipe: 2 in 

-6 recess pipe connection: 2 in flange 
Utility water connection: 1 l/2 in flange 
Utility air connection: 314 in hose connection 
Carbon hose connection: 2 in Kamlok type 
Carbon dry fill opening: top 11 in x 15 in handhole 
Backwash conn&ctions: 3 in flange 
Drain/vent connection: 2 in flange; unrestricted 
Adsorber maintenance access: 14 in x 18 in manway 
System shipping weight: 9,000 lb with carbon 
System operating weight: 26,000 lb 

CAUTION 
Wet activated carbon preferentailly removes oxygen from air, 
In closed or partially closed containers and vessels, oxygen 
depletion may reach hazardous levels. If workers are to enter a 
vessel containing carbon, appropriate sampling and work 
procedures for potentially low-oxygen spaces should be 
followed, including all applicable federal and state 
requirements. 

_ BACKWASH 

NOWNAL DIMENSIONS/CONNECTION LOCATIONS 

&or more information on. the product described in this bulletin, or information on other adsorption equipment, 
!ease contact one of our Regional Sales Offices located nearest to you: 

SALES OFFICES 

Region III 
4343 Commerce Court 
Suite 400 
Lisle IL 60532 
Tel (708)505-1919 
Fax (708) 505-1936 

Region I 
P.O. Box 6768 
Bridgewater NJ 08807 
Tel (908) 526-4646 
Fax (908) 526-2467 

Region IA 
5600 77 Center Drive 
Suire 200 
Charlotte NC 282 I7 
Tel (704) 527-7580 
Fax (704) 523-3550 

Region Ii 
P.O. Box 717 
Pittsburgh PA 15230-07 17 
Tel (4 12) 787-6700 

800/4-CARBON 
Fax (4 12) 787-6676 

Region IV 
2121 South El Camino Real 
San Mateo CA 94403 
Tel (415)572-9111 
Fax (4 15) 574-4466 

Region V 
Benchmark I Building 
13430 Northwest Freeway 
Suite 804 
Houston TX 77040-607 1 
Tel (713) 690-2000 
Fax (7 13) 690-7909 

International 
P.O. Box 717 
Pittsburgh PA 15230 
Tel (412) 787-4519 
Fax (412) 787-4523 

Canada 
Calgon Carbon Caradz. Inc. 
Suite 3M 
6303 Airport Road 
hiississauga. Ontario 
Canada L4V lR8 
Tel (116) 673-7 137 
Fax (416) 673-886: 

Belgium 
Chemviron Carbon 
Boulevard de la Wolu we 60 
Boite 7 
B-1200 Brussels. Belgium 
Tel 32 2 773 02 11 
Fax 32 2 770 93 94 

CALGON CARBON CO=WS.ATlOh 
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ANCHOR BOLT PLAN 
-.-m 

SECTION A-A -- 
*-l--l 

-- --- 

FRONT ELEVATION -- -- 
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ELEVATION REAR 

MODEL 4 ADSORPTION SYSTEiA 
BACKWASHABLE - 2’PIPE 



k 

ADSORBER 

I ---- 
---_- I 

PV-1 t -~ 

I_ s8 

ADSORBER 
pv-2- 

NOTES: 
1. SEE SPEClFlCATlON FOR MATERIAL 

AND ITEM DESCRIPTIONS. 
2. SEE 4RRANCEMENT DRAhlNC FOR 

LAYOUT AND CONNECTION LOCATIONS. 



Section Ill311 
Sludge Holding Tank and Appurtenances 



Closed Top 
Part No. 

F082DT 

F083DT 
F084DT 
F104DT 

F085DT 
F105DT 

FO86DT 
F106DT 

Fl26DT 
F087DT 
F107DT 

F127DT 
FO88DT 
F108DT 

F128DT 
F109DT 
F129DT 

FlOlODT 
F121 ODT 

FlOlZDT 

F1212DT 
FlO14DT 
F1214DT 
FlOlSDT 

Nominal 
Capacity 

(gal.) 

2000 

3000 
4000 
4000 

5000 
5000 

6000 
6000 

6000 
7000 
7000 

7000 
8000 

8000 
8000 
9000 
9000 

10000 
10000 

12000 

12000 
14000 
14000 
15000 
15000 

16000 
18000 

20000 
21000 

22000 
25000 
30000 

F1225DT 
F1230DT 

* *Walls are tapered 

8’ Diameter - Domed Top 

Diameter Approx. Wall’ Approx. 
x Height Thickness Weight 

(in.) (in.) (Ibs.) 

8’ x 6’4” 114 840 
8.x9’ l/4 980 
8’ x 11’8” 114 1140 

10’4’x7’1” l/4-9/32 1075 

8’ x 14’3” l/4-9/32 1280 
10’4” x 8’8” l/4-9/32 1206 

8’x16’11” 114-9132 1520 
10’4” x 10’3” 114-l 1 t32 1336 

11’9”x8’1” 114-S 16 1375 
8’x19’7” l/4-9/32 1710 

10’4”x11’10” 114-l 1 I32 1480 
11’9” x 9’4” l/4-5/1 6 1500 

8’ x 22’3” 114-l l/32 1900 
10’4” x 13’5” 114-l 1132 1647 
11’9”x10’7” l/4-5/1 6 1625 
10’4”x15’ 114-l 1 I32 1813 
11’9”x11’10” l/4-5/1 6 1768 

10’4” x 16’7” l/4-7/1 6 1988 
11’9” x 13’1” l/4-5/1 6 1910 

10’4”x19’10” l/4-7/1 6 2390 
11’9”x15’6” 114-318 2215 
10’4” x 23 114-l I2 2820 
11’9”x18’ l/4-7/1 6 2565 
10’4” x 24’7” 114-l I2 3100 
11’9”X 19’2” l/4-7/1 6 2750 

11’9”x20’5” l/4-7/1 6 2935 
11’9”X22’11” 114-l f2 3350 
11’9” x 25’5” 114-112 3~9 
11’9” x 26’8” 114-l 12 3800 
11’9”x27’11” 114-19/32 4410 
11’9” x 31’7” 114-518 5550 
11’9” x 37’9” 114-23132 6950 

Sidewall Gals/Inch = 31.3 

10’4” and 11’9” Diameter - Annular Domed Top 
t 

r > 
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Chop-hoop Filament Wound 
Fiat Bottom Domed Top 
Fiberglass Tanks 

. Domed top tanks are designed for 
atmospheric pressure only and must be 
vented. Refer to venting specificationson 
page 05. 

- Standard tank is designed for 1.3 specific 
gravity material. 1.8and 2.1 versions are 
available upon request. 

. All filament wound tanks include three lift 
lugs. 

. For accessories refer to pages 01-14. 

l For resin selection see pages El-E4. 

. For warranty information see page E5. 

I Bottom Head 
I 

B 

--T 
NOTE: Tank bottom must be fully I 

supported and pad must remain level within 
1 8” over a ten foot span. Consult a local 
engineer for specific site requirements. 

RAVEN INDUSTRIES, INC. Plastes Dlwslon SIOUX Falls. SD -l/T 



Chop-hoop Filament Wound 
30” Cone Bottom 
Fiberglass Tanks 

l 30”cone bottom tanks are supported by 
steel pipe legs threaded into a fiberglass 
encapsulated steel leg ring. Legs must be 
ordered separately. (See page 86 for 
detail.) 

l 8’ diameter open top tanks include an 
external flanged lip. 10’4” diameter tanks 
include an internal flange lip. (See page 
B6 for detail.). 

l Closed top tanks are designed for 
atmospheric pressure only and must be 
vented. (Refer to venting specifications 
on 05.) 

l Standard tank is designed for 1.3 specific 
gravity material. 1.8 and 2.1 versions are 
available upon request. 

l For accessories refer to pages 01-14 

- For resin selection see pages El-E4. 

l For warranty information see page E5. 

/““‘ Seismic Zone design requires special 
consideration. Contact Plastics 
Engineering for full assistance. 

Open Top 
Part No. 

C38-2M0 
C38-3M0 
C38-4MO 
C310-4MO 
C38-5M0 
C310-5MO 
C38-6MO 
C310-6MO 
C310-7M0 
C310-6MO 
C31 O-9MO 
C31 O-l OMO 

Closed Top 
Part No. 

C38-2MC 
C38-3MC 
C38-4MC 
C310-4MC 
C38-SMC 
C31 O-5MC 
C38-6MC 
C310-6MC 
C31 O-7MC 
C310-8MC 
C31 O-9MC 
C310-1OMC 

Walls are tapere 9, d 

Nominal 
Capacity 

(gal.) 

2000 
3000 
4000 
4000 
5000 
5000 
6000 
6000 
7000 
8000 
9000 

10000 

Nominal 
Capacity 

(gal.) 

2000 
3000 
4000 
4000 
5000 
5000 
6000 
6000 
7000 
8000 
9000 

10000 

Dia. x Height 
(in.) 

8’x7’1” 

8’ x 9’9” 
8’ x 12’5” 

10’4” x 8’6” 
8’x15’1” 

10’4” x 10’1” 
8’ x 17’9” 

10’4” x 11’8” 
10’4” x 13’3” 
10’4”x14’10” 
10’4” x 16’5” 
10’4” x 18’0” 

Dia. x Height 
(in.) 

8’ x 7’8” 
8’ x 10’4” 
8’ x 13’0” 

10’4” x 9’0” 
8’ x 15’8” 

10’4” x 10’7” 
8’ x 18’4” 

10’4” x 12’2” 
10’4”x 13’9” 
10’4” x 15’4” 
10’4”x16’11” 
10’4” x 18’6” 

Fiberglass encapsulated 
steel leg ring 

--A - - - - -  

Welded steel coupling 

I 
4 Steel pipe legs 

Wall* 
Thick. 

(in.) 

l/4 
114 

114 
114 

114-5116 
l/4 

l/4-5/16 
l/4-5/16 
114-5116 

114-5116 
l/4-5/1 6 
l/4-5/1 6 

Wall’ 
Thick. 

(in.) 

114 

114 
114 
114 

l/4-5/1 6 
114 

l/4-5/1 6 
l/4 
114 

114-5116 

114-5116 
l/4-5/1 6 

ipprox. 
Weight 

(Ibs.) 

1280 

1430 
1570 
2230 
1710 
2340 
1950 
2450 
2560 
2720 
2860 
3010 

9pprox. 
Weight 

(Ibs.) 

1340 

1480 
1620 
2350 
1760 
2460 
1980 
2570 
2680 
2830 
2970 
3120 

No. of 
Legs 

4 
4 
4 
6 
4 
6 
4 
6 
6 
8 
8 
8 

No. of 
Legs 

4 
4 
4 
6 
4 
6 
4 
6 
6 
8 
8 
8 

Fiberglass 
laminate 

IiwQ!l RAVEN INDUSTRIES, INC. Plastics Division SIOUX Fails, SC’ 
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Open Top - External Flanged Lip 
8’ diameter tanks 

Open Top - Internal Flanged Lip 
10’4” diameter tanks 

__-.- . . . . . _.__~. _ ___.-. .--- 
.“h 

1 

p” 
Closed Top - Domed Head 
8’ diameter tanks 

-m - 

A 

A 

“-i 

r”l 

Steel Pipe Legs ,,: LEG ORDERING INFORMATION 

; Welded steel coupling 

4” steel pipe, threaded both ends 
‘- , _ .-d \ A 

Threaded steel flange pad 
150# ASA bolting geometry 

1 

20” 

I 

Closed Top - Annular Dome 
10’4” diameter tanks 

XI 
Note: 8’ cone height = 34” 

Toorder legs. specify number required (found in table on 85) and 
overall length. Overall leg length is determined by adding amount 
of leg for “0” clearance (shown above) to desired clearance 
between the bottom of the cone and the floor. (NOTE: Raven 
recommends that clearance not exceed 24‘ unless specific 
application has been reviewed by the factory.) 

EXAMPLE: Legs for an 8’d;ameter 6000 gallon tank (part #C38- 
6MC) with a 2L- clearance from bottom of cone to the 
floor would be ordered as follows: 

Number of legs required = c: (page 85) 

Leg length = ‘0” clearance - required clearance. 

cx- 7 24” 

COrreCt order would be (41 s.’ tall legs. 

3/7 

RAVEN INDUSTRIES, INC. Plastics 2 vs~on Sioux Fai!:;. SD 
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FLOATING SUCTIONS 

h 

A 

p” 

Emco Wheaton Floating Suctions are designed to 
draw off clean fuel from near the surface of storage 
tanks. With Emco Wheaton floating suctions, 
contamination of fuel by water, foreign matter or 
sediment is reduced. Every part of the floating 
suction is engineered for long, trouble-free life. 
Outstanding engineering features include an 
unsinkable float and a permanently lubricated ball 
bearing swing joint. Units are available in 10 basic 
types, in 7 different sizes and 3 metals . . . 
aluminum, steel or (special) stainless steel. 

Swing joints on floating suctions are free-rotating 
with dual rows of ball bearing raceways for 

-I minimum torque. Raceways are double sealed by 

/“1 
“0” rings. Each floating suction bellmouth has an 
oversized inlet with a baffle plate to minimize 
“Vortexing” at high pumping rates. A pipe foot, 
welded to the baffle plate maintains an intake 
level of nine inches minimum (except 2” size). 

+eh. Minimum level for 2” size is 1.75”. 

Typical C-21 installaton 

The unsinkable floats are aluminum cased and 
foam filled. The standard float is 17” in diameter 
to fit an 18” manhole, but buoyant enough to 
power even a six inch floating suction, Provisions 
can be made for the use of more than one float. 

Emco Wheaton floating suctions are made with 
all aluminum pipe welded to an inlet elbow, with 
a standard A.S.A. 125 lb. flat-faced flange, with 
flanged aluminum swing joints in 3”, 4”. 6”, 8”, 
10” and 12” sizes, with welded aluminum 
bellmouth. In the 2” size, the swing joint is 
threaded, unless a flange is specified. Swing joints 
are also available in steel or stainless steel. Emco 
Wheaton floating suctions provide 1: he cleanest fuel 
possible in buried or above-ground horizontal and 
vertical tanks. When ordering, please specify: type 
number; size; style of tank (horizontal or vertical); 
diameter and heigh; or length oi tank. 

5 
/ 7 
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FLOATING SUCTIONS 

.-_- - .___ -_.-- .--. _...___.__ -.--.- .__. - .._ --. 

Aluminum Single Pipe Design for Cone Roof Tank 

/A. Steel Float 

Flanged Steel Swing Joint i .- - -.- -.- 

c-0025 
Steel Single Pipe Design for Cone Roof Tank 

l------A------1 

D-0150 

__.. ..- . ..__..____.__.___.___ ..__.... -.. -.---- ..-.. 

Type C-0024 and C-0025 Floating Suctions are 
designed for cone roof tanks of all sizes. Although 
available in aluminum as well as steel, steel swing 
joints are recommended in larger sizes if 
compatible with product in tank. Type D-0139 
Flanged Steel Swing Joint has dual ball bearing 
raceways, induction hardened. Twenty foot 
lengths of pipe are flanged -together on the larger 
diameter tanks for correct extension into the 
vertical tank. Type C-0025 Floating Suction can 
be supplied in larger sizes with steel float. Available 
in steel, aluminum, or stainless steel. The 
recommended alloy will be based on specification 
depending upon size, diameter, height of tank, 
and product stored in tank. Be sure to send with 
order or inquiry, all information for prompt 
handling. 

Type C-0024 and C-0025 Units can be used for 
swing lines in cone roof tanks, as well as a floating 
suction. 

BASIC DIMENSIONS (For further information, see 

Catalog D) * 

Aluminum (D-0150) 

Size A 6 C 

2” 5-314” 4-l 18” 6” 

3” 8-l/8” 51!8” 7-7116” 

4” 9-l/4” 6-l !4” 1 C-7/6” 

6” 20-l 18” 8” 12.5!8” 

8” 23-314” 10” 15.15/16” 

Steel (D-01391 

Size A 6 C 

6” 20-318” 9.1!2” 14.1 i8” 

8” 24-518” 12” 17-l 5116” 

10” 29.314” 14” 21 ” 

12” 37-l 12” 16-i /2” 24..1,2” 

l Larger sizes available upon requesst. 
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EMCO WHEATON Emco Wheaton is recognized as a world leader in loading system design. Our loading valves, 

-=. LOADING ARM swing joints, couplings and arms are the toughest, most precisely engineered components I 
ASSEMBLIES. you can buy. 

Emco Wheaton offers a wide range of available designs. Our Engineers have first-hand 
experience in loading requirements and offer the design assistance you need. 

For more information about out Loading Arm Assemblies, send for our free catalog. I 

‘* Distributed by: 

,- 

_ _ __^_____.. ___________^__ _II- ____._____ - .._._ - __--__ .-_..- -__._ - . . ..------.. -. -------- _---- 

Emco Wheaton, Inc. 

Chamberlain 61vd. 

Conneaut. Ohio 44030 

Phonk 216.‘599-8151 

RE\‘. 6-84 
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Section 111312 
Dewatering Press 



Model 630 FB 
24” x 24” 

4 

l Hazardous and metallic 
wastes 

l Pharmaceuticals and 
chemical products 

l Pigments and dyes 
l Precious Metals 
l Ore processing 
l Coal dewatering 
l Water treatment 
l Biological sludges 
l Clarification of liquid 
l Food products and 

juices 

l Most cost effective sidebar Filter Presses 
l Easy operation and Maintenance 

Safe pneumatically operated hydraulic controls 
Complete corrosion resistance 

l Minimal weight and space requirements 
l Maximal area and volume 
l U.S. made and engineered including molded polypropylene plates 

Factory Service 
Parts availability 

l 80 years experience in process and design 
30,000 installed units 
Qualified experienced technical staff 
Flexibility in design options (See below) 

l Food grade construction 
l Efficient cake washing 
l Driest cakes with membranes and:or air blow 

l Recessed, CGR, Plate and frame, and 
membrane plates 

l Widest media selection 
l Drip trays 
l Cake dumpsters or drum discharge 
l Filtrate blowdown system 
l Core blowback system 
l Alternative plate materials 
l 100 psi and 225 psi designs 

l Plate shifters 
l Temperatures to 200°F in polypropylene 

construction 
l Air powered 
l Cake washing or airblow 
l Feed pump combinations 
l Eimco Delta-stak inclined plate clarifier 

combinations 
l Precoating and conditioning systems 



her Press Specifications 
Approximate Dimensions (inches) 
Do not use for construction 

CGR and Recessed Plates Only 

4% 
5 
5% 

G 26 26 
I 

2% 6 0.22 6.09 
2% 6 0.29 6.40 

2’/6 0.37 6.81 

I f I . . 

Press Weights P ounds Empty (Approximate) 

. Max. * of Chambers, 
.,. Frame a;d Each Additional Standard Design -. : 

,QI, Design Pressure 1st Chamber :, . . Chamber (Approxiqate)* :.; : 

100 PSiG 1900 40 40 

225 PSIG 2600 45 45 

*Basis 80 Ibs. /fY cakes Note: Cake weight = Wet bulk density times volume 
-, 

Example Caiculation 
Find length and weight of Model 630 with 25 chambers having 1%” cakes of 80 Ibs/ft” bulk density, 100 psig. 

Chamber space = 5 + (24 X 2% 6) = 60%" Empty weight = 1900 + (24 X 40) = 2,860 Ibs. 
Length = A + chamber space Cake weight =80X 0.29 X 25 = 580 Ibs. 

a, 65%+6O!'z =126” TOTAL WEIGHT 3,440 Ibs 

Weight distribution: 55:45% Head: Tail Stand 
Weight may be greater with added options 

Special designs available for presses with different conditions or longer than snown. 

IxI. Ko, Shriver, H *@, For pricing and information contact: 

3 Stak, Flexifabric and CGR 
rademarks of In Canada Contact: 

Eimco Process Equipment Co. Eimco Process Equipment Co., Ltd. 
P.O. Box 300 5155 Creekbank Rd. 

m Salt Lake City, Utah 84110 Mississauga, Ontario L4Wl X2 
(801)526-2000 Telex:388-320 (416) 6256070 Telex: 06-961455 

Form = 2215-630-R.l 

z 
/ Li 
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Section 1.1313 
Positive Displacement Pumps 
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:r”“‘\ OPERATOR’S MANUiL 66615X-XXX-C 
INCLUDING: OPERATION, INSTALLATION & MAINTENANCE RELEASE& 5-314!4 

A REVISE0 1-18-89 
(REV.C) lPP/pSE 

C’ 1-l/2” DIAPHRAGM PUMP 
1:l RATIO 

IMPORTANT: READ THIS MANUAL CAREFULLY BEFORE INSTALLING, 
OPERATING OR SERVICING THIS EQUIPMENT. 

lNLEl AIR SECTION FLUID SECTION 
OUTLET SERVICE KIT SERVICE KITS 

MODELS M’D BODY MAT’1 XAGE 8) (PAGE 4) 

66615X-XXX-C l-l/Z NPT ALUMINUM 637118-C 637124-X 
-.-c- 3 66616X-XxX-C l-l/2 NPT CAST IRON 637116-C 63n24-x 

66617X-XxX-C l-1/2 BSP ALUMINUM 637118-C 637124-X 
66618X-XxX-C l-1/2 BSP CAST (RON -637918-C 637124-X _ 

See h4odeI Oescrlptlon Chart page 3 for -X%X 

637355 Abraskxi Reskiant Canvetslan KI Is avallable for use In heaky 
and obroske matertal applications (see page 5). 

PUMP DATA 

MODEL - See Chart on page 3 
TYPE - Alr-Operoted Double Oiaphrugm 
MAT’L - See Option Chart on page 3 
WEIGHT-ALUM. (CTR. BOOY) 44 ibs. to 76 Ibs. .‘- 

CAST IRON (CTR. 800Y) 82 fbs. 
MAXIMUM AIR INLET PRESSURE - 120 psi max. .(8 bar) 
MAXIMUM FLOW (with flooded Inlet) - 90 gpm 
MAXIMUM PARTICLE SIZE - l/4” dia. 

See page 3 for dlmenslonal data 

GENERAL DESCRIPTION 

The ARp dlOphrOQm pump olfers high-volume delivery even at low 
air pressures, easy self-prlmlng, the ability IO pump high-viscosity 
materials and abillfy to easily pass sollds to l/4 In. diomerer. This pump 
is highly versatile and is designed lo correspond t0 the needs Of the 
customer. Several “wefled parts” oplions ore available to handle 
almost any opplicotion. See option chord on poge 3 for model 
descripllon. 

MODEC 66615X-XxX-C 



l Proper graundlng of pump (at ctamps), dlspenslng valve or 
device, hoses, any object to which material Is being fronderred, 
and cantalners. After grounding, pertadlcalty check to vertfy cob 
tlnulty ot efectrtcal path to ground. Test with ohmmeter from 
each components (La., hoses, pump, clamp, container, spray 

h gun, etc.) 10 ground lo Insure contlnulty. Ohmmeter reodlng 
shown should be 10 ohms or less. Cansuh Iocol electric cpdes 
for speclflc grounding requlrements. 

OPERATING AND SAFETY PRECAUTIONS FOR DIAPHRAGM PUMPS 

HEW ALL WARNINGS AND CAUTIONS. 

Use AR0 replacement parts to assure campattble pressure toting. 

WARNING: 00 NOT EXCEED MAXIMuM INLET AIR PRESSURE OF 
120 pSI (8 BAR). OPERATING PUMP AT HIGHER PRESSURE MAY 
CAUSE PUMP DAMAGE AND/OR PERSONAL INJURY AND/OR 
PROPERTY DAMAGE. 

WARNING: THE MODELS USTED BEtOW CDNTAtN ALUMINUM WFT- 
TEO PARTS AND ARE SUBJECT TO THE FOLLOWtNG WARNING. 

MODELS: 66615X-XxX-C, 66617X-xXx-c 
DO NOT USE III:TRICHlOROETHANE, METHYLENE CHLORIDE OR 
OTHER HALOGENATEO HYDROCARBON SOLVENTS IN THIS PUMP. 
THE PUMP CONTAINS ALUMINUM WHICH MAY REACT WITH THE 
SOlVENT AND EXPLODE. 
MATERIALS CONTAINING HALOGENATEO HYDROCARBDN SOL- 
VENTS SHOULD NOT BE USE0 WITH THIS ECtUtPMENT. 
CONSULT YOUR MAtERIAC SUPPLIER FOR COMPATiBlLiN WlTH 
ALUMINUM. 

WARNING: WHEN USING PUMP IN A LOCATION WHERE SUR- 
ROUNDING ATMOSPHERE IS CONDUCIVE TO SPOMANEOUS COM- 
BUSTION OR WHEN PUMPING, FLUSHING OR RECIRCULATING 
INFLAMMABLE SUBSTANCES (E.G., PAIMS, SOLVENTS, LACCIUERS. 
ETC.), FAILURE TO SAFEGUARD AGAINST STATIC SPARK, OPEN 
FLAME, HEAT AND IMPROPER VENTIU\TION COULD RESULT IN EX- 
PLOSION AND/OR FIRE CAUSING SEVERE PERSONAL INJURY OR 
DEATH AND/OR PROPERTY DAMAGE. 

~Safery pfecautlons should Include: 

+-. 
- Use of static wlre hoses. . 

Submorslon of autlef n0$8 ona, dlspen$lng valve or dovIce wt- 
rhln maroriol being dlspensod whenever possible. (Avoid rreo 
slreamlng of maierlal being dlsponsed.) 

Piping exhausi to a safe remofe lacaflon when purnplng 
hazardous or Inflammable substances since th8 moterlal b8- 
Ing pumped Is exhausted wtfh the ok tt tt18 dlaphrogm rup- 
tures. Use a grounded 3/4” mln I.D. hose between pump and 
muffler. 

Proper vonttlollan of ore0 wnere pump and contolnen ore 
located. 

Keeping lnftammobles away from heal, open ftomez and 
sparks 

KeeptrIg containers closed when not In use. 

Secure pump, cannectbns and all contact paints lo avdd vibr& 
tlon and generallan of contact or sfotlc spark. 

86 sure material hoses an0 other components (118 able to WtQ’i- 
stand fluid pressures developed by this pump. _ 

D&connect air line from pump when system sits Idle for long 
pertads of time. 

Suctton and discharge connectIons should be flexible connec- 
lions (such as hose), not rlgld plped, and should be calnpatt 
ble wflh the substance belng pumped. 

WARNING: 00 NOT SERVlCE OR CLEAN PUMP, HOSES OR OISPENS- 
1NG VALVE WHlLE THE SYSTEM IS PRESSURIZED AS SERIOUS PER- 
SONAL INJURY COULD RESULT. R@ disconnect alr tine, then re&!ve 
pressure tram sy;tem by opening dlspenslng vat+% oc devtce and/or 
corelulty and slowly toasenlng and remating outlet hose or PIP 
lng from pump. 

(contlnued on Page 6) 

AIR AND LUBE-REQUIREMENTS 
h 

l W~~t4itiG; od NOT’EXCEED ‘kxih4~~ INLET AIR PRESSURE OF 
120 PSI (8 BAR). OPERATING PUMP AT HIGHER PRESSURE MAY 
CAusf Puhw DAMAGE AND/OR PERSONAL INJURY AND/OR 
PROPERTY DAMAGE. 

l A filter copable of filtering out parllcles larger than 50 microns 
should be used on the air supply. In mast applications there is 
no lubrication required other than the “0” ring lubflcont whfch I$ 

* applied during ossembly or repalr. When lubticoted air Is nece$- 
sory, supply air lubricator with a good grade of SAE 90 Wt. nan- 
defergenf ail and set lubricotar to a rote not lo exceed one draP 
per minute. 

INSTALLATION 

Always flush the pump with a solvenl compolible wilh material being 
pump6d if the material being pumped is subject to 

)fl,ing up” when not in use for a period of time Disconnect air sup 
3m pump if II is to be inactive for o few hours. 

The ouflel material volume is governed no? only by the oir supply but 
also by the maferlal supply avollilble 01 rhe Inlet Tne moferlol supply 
tubing should not be loo small or fcstfIc11ve. _. 

-. 

When me diaphragm pump is used In a farcefeed (flooded Inier) 
situation il Is recommended tnat an AR0 104104-C.04 “Check Valve” 
be insta!led a? the air inlet. Stiure diaphrogm legs to o suitable SUP 
face to Insure against domoge by VlbtOllOn. 

MAINTENANCE 

Port views and descriptions o:e provided an page 4 through 7 for 
part identiticolion. 

This pump is relatively ecsy tc service and molntain. A clean w3c3( 
suffoc6 should be provided lo protect seosr;iv~ rn!ernal moving Po.cs 
from dirt ond foreign matter dxlng service. The service kits ore ovcii- 
able for lhe two. separale diaphragm pump functions: 1. FLUID SEC- 
TION 2. AIR SECTION. The RUiD SECTION is divfded furlher 10 malch 
ty~icai acllve WEllED PARTS DPTIDNS, SEE ‘-PARTS LIST/FLUID SEC- 
TION” (Pcge 4) 

f&fare d&assembllng, turn l?o pump upSiCe d3wn to droin maIE:iCI 
from pump, In6 will ernpt~ caplured mc:ex! in oullet monifo!C 
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p" 18-15-92 THU 14z45 
P- 84 

.- . 
. 

Y 

(499 mm) 

11.500 

(292 mm) 

(394 mm) 

DIMENSIONAL DATA 
AL1 OIMENSIWS GIVEN 1N INCHES 

AND MILlMETERS (MM) 
13.125 

l (333 mm) -I_- 
+I 

. INLET 
s iAME AS ABOVE 

FIGURE 1 

(66615X-XXX) 
(66616X-xXx) 
1-w 8.S.P. 

(66617x-xXx) 

(6$618X-xwc, 

AIR INLET 
V2.14 N.P.T. 

MODEL DESCRIPTION CHART 

PART NAME (CODE) MATE3IAL OPTIONS- 

PUMP SIZE, TYPE, 
-& CENTER BODY hlATER,iAL 17 

i 

1; 

18 

t-CAPS, MANIFOLD -4 
0 
1 

12 

l-1/2 INCE :ix. Al.Uh!ltWh! CENTER BODY 
l-1/2 INCk S=i, CAST IRO:: CENTER BODY 
l-l/Z INCH SSP, ALUhllNUM CENTER BODY 
l-1/2 INCH :SP, CAST IROt; CENTER BODY 

ALUMINU:?. 
STAINLESS SiEEL 
CAST IROS 

STAINLESS SiiEL 
POlYPR3?Y.c!iE 
PVDF (KY:;:?') 

T.F.E. flEilt?-') 
ACETAL 

NEOPRE::t 4 iF.E. ;-SFLON" ) 
BUNA "ti'. 5 E.P.ii. 
WON 9 ti~-TAfi. 
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Section 3.1315 
Pneumatic Pumping System 



EJECTOR SYSTEMS, INC. 

S2 SINGLE-WELL PUMPING SYSTEM 

EJECTOR SYSTEMS, INC. 
910 NATIONAL AVENUE 

ADDISON, IL 
60101 

(708) 543-22 7 4 
1-800-OIL-LEAK 

l/92 
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EJECTOR SYSTEMS. INC. 

Ejector Systems, Inc. presents the most advanced solution yet for groundwater 

remediation and leachate pumping. The same ingenuity that made ESI the first to use 

pneumatics for groundwater pumping is now combined with the new S2 single well controller 

to offer a vast number of options, yet remain amazingly economical. 

A 

A 

A 

s”‘\ 

!  

‘i- 

I  

S2 SINGLE WELL CONTROLLER 

Product Only and Total Fluids pumps are both compatible with the new S2 controller. 

Ejector Systems, Inc.‘s pumps are entirely pneumatic and have only two moving parts thereby 

reducing maintenance. In addition to leachate pumping, they can be used to pump lighter- 

than-water, phase-separated hydrocarbons, such as gasoline and fuel oils; heavier-than-water 

hydrocarbons, such as creosote or chlorinated solvents: or dissolved hydrocarbons only. 

Refer to the chart on page four for flow rate and air consumption. 

*/ 
2 

7 



5 
EJECTOR SYSTEMS. INC. 

A 
Some standard features on the new S2 single-well controller are: 

l The S2 system is totally submersible. 

l An extremely rugged 11 w  high x 14.5” wide x 10” deep casing encloses the S2 so 

* 

.F”- 

it fits easily into a below grade box. 

l Water problems are virtually eliminated with the S2’s Pulsed Auto-Drain which 

eliminates condensate in the compressed air system. 

l The Manual Discharge feature allows the pump to fire with the simple push of a 

button. 

Dependent upon the specific site requirements, optional features are available: 

l To ensure accurate level control in sealed well applications with a vacuum, the 

Differential Pressure option is available. 

l The High Tank Shut-Off option will shut down the pumping system in the event of a 

high level condition. 

l A Vacuum Fill Unit which will apply a vacuum to the vent line during the fill cycle 

is available. 

l Product recovery is maximized with the Level Tracking option which ensures that 

the inlet of the Product Only pump is always at the liquid surface of the well. 



FI 
EJECTOR SYSTEMS, INC. 

MAXIMUM FLOW RATE AND APPROXIMATE AIR CONSUMPTION VS. 
EJECTOR DIAMETER AND LENGTH 

R 

Diameter of Ejector 

-11 i”lc;15es i”d;es .& $,S “,,“,,, ‘.;;$ 

1.5 feet 0.5 2.0 3.8 6.5 9.3 17.3 
1.0 1.8 6.5 4.2 5.7 10.9 

3 feet 1.0 4.1 7;5 12.9 18.6 34.5 
1.2 2.9 4.8 8.6 11.7 21.5 

4 feet 1.3 5.4 10.0 17.2 24.8 46.0 
1.4 3.6 7.0 10.5 13.0 27.7 

5 feet *+ 6.8 12.5 21.5 31.0 57.5 
Special 4.4 8.3 13.2 19.6 34.0 

:‘,: ,:( :. . . : ,_ ._:.... : ., .::::, .: :::.’ ..,.., :. 6 
.: .,. ..:. . ..’ feet:.; -I:. + + ,:::~:‘~~$): 8.1 15.0 25.8 +* l * 

.::... -_ _. ._. 

: . . Special 5.1 9.7 15.6 Special Special 

Length of Ejector 

@Top number in each cell represents maximum flow rate at 5 cpm. 

*Bottom number represents approximate air consumption assuming 25 feet of l/2 inch 
ID air line and 1 inch diameter discharge line. 

**Special - These pumps must be special ordered. 

417 
4 



EJECTOR AIR REGULATOR 

CONTROL AIR PRESSURE 

+j$j(- MUFFLER 

DOOR KNOB (CAPTIVE SCREW) 7 

CYCLE STATUS 

COMPRESSED 
AIR SUPPLY 

U U 
\ 

SEE BOTTOM VIEW 
AIR TO PUMP, 

(FIG. 1-3) 
EXHAUST AIR 
FROM PUMP 



-.. B 

/ 

WELL REFERENCE PRESSURE 
“DIFFERENTIAL PRESSURE. OPTION ONLY) 
OUICK-CONNECT) 

BUBBLER LINE PRESSURE 
(OUtcK-CONNECT) 

Tp PNEUMATIC LEVEL PROBE (Tl) 
(’ HIGH TANK SHUT-OFF OPTION ONLY) 

TO BOTTOM OF CYLINDER 
(“LEVEL TRACKING” OPTION OLNY) 

SEE RIGHT SIDE VIEW 

II 

(FIG. 1-4) 

BUBBLER AIR REGULATOR yy AUTo-DRAlN FlLTERS 

/- AUTO-DRAIN EXHAUST PORTS 



El EJECTOR SYSTEMS, INC. 

/- COUPRESSEO AIR SUPPLY 

AIR TO PUUP. D(HAUST 
AIR FROU PUUP 

BUB6LER UNE 

WATER TABLE 
(CONE OF DEPRESSION) 

,- 

1 PUMP DISCHARGE UNE 

f 

TOTAL fLuIoS PWP 

BELOW GRADE WELL HEAD ELEVATION 
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Powerful Induattial compresks build ak.pms8ure Itr two steps- 
they draw air In+ +arge~@wJer where it ts comprqrred to msdlum 

automatfc 

p 

ressureawitch’ for loadless star&g: They stop and 
automatka, ly to he& predetermined * *,. _. . _-- pressure I? tanks. SW 

Mount+~on e. .s a,n Amerfcan +clety of Mechankal.Engineen’ (, 

-; .Overall In&e8 .’ 

ars avallabrs. 

NET ^I. 

L.., . . . . . . . . . . . . . . . . . . . . . . 4364K32+. 6l691.1 I 
-....4364K43 + 182&-’ ___.._.. . --- 

a . ..-...*.. . . w . n 4M . . . . . . “?‘I? . ...“.... ~+.+...z~~+;..,,+~~.~~-.~..-~ . . . . . . . . . A364K37 . . . . 3536. 

K&volt or 460-volt) .f . . . . ...“. -...,...: . . . 
.,. . . _/ &We. : .- 

. . . . . . . . . . . - . . . . . . ..+.... ..--? . ..-.. - . . . .._.*..... _. _- ‘pIE ECACH 622i.67 h ,... 

i;ry;.......-...~.-. . . . . . . - . . . . ---...-...*..a . . . . . : 
. ..I...._. W......““.C . . . . . . . - . . . . . . . . ..--_..... * ..-. NO. 4364tC57 ._.._ NET EACH 2Zl.or 

< . -.. e:... . . ” 
I_ . .-‘ ~.-.:-. _ I ..i. YY. 

“Single ~Staq&Tahk-Mount Air ddtipressors-l/h HP 
Built tough for IndusblaJ plants and labora- . 

torks where Comproued air up to 100 pslg Is 
units are d&n by a thermally protected, 1725 

~-requlrcd. Mounted on l 12-gallom Atnerkan 
rpm. %4 hp motor that operates on llS+olts. l- 

society. of Mechankal Enginem’ t+. Oil- 
phase; 60 Hz Equipped with a fitter. safety 

h3s&hvlo-cyflndeeed. piatoti~~~;eau-cooled 
valve. pmssure gauge, pre-set adjustable pres- 

- sure switch, and shut-off and check valves. 

*rklns . Ah Switch .* 
g9 

. . . . . . . 27 

.. Overall Sire. In. 
Cut8In. 

. ..s&.....~k”~k .= Na 
EL% 

. . ...” . . . . . . . . . . -..30 
100 

pslg- ..I...” _......._ SSM)KlP . . . . . . 6647.7f 
. . . . . . . . . . . . . . . . 2.0 . . . . . . . . . ..-- 70 psig .._........ ,.26’A=i;l~ . .._ ..20’# . . . . . .._.... 99OOK14 . . . . . . 646.13 

.: : 

Single-Stage Blower/Compressors . 
II units delivof belts. motor brushw and slkfing vanes that require maintenance. The impet- 

-...-wyuIIIIIIuor l lr fkws at mod- 
.- .werate pressures. Ideal for 

ler, mounting base. and houslng are aluminum alloy for strength and corm- 
don resistance. Moto;~mSt;~~ty enclowd and fan c~Med. 

&pneumatlc conveying l ef- . 1::- __I.-_ a*- A-_-_- --A _-I. cal~Fkw 
a- w%!e ^^^_ a. . . h-se Water Fressure~ -tknr 

Nl- 
~---a S&l:NO. __ __ __-__. 

. . . . . . . . . . ..&s...-.aa”.....--..l- - . . . . . . .i 27 ,..S%OK11 .,. . . . 

27..A96oK17 . . . . . . 416.97 \ . . 

pwvrurs rwr .%..........I . . . . . . . . . . . . . . . ..w-...........-1 %r......... 34 ..2asHxzI . . . . . . 543. ev 
'. ._ : 

co”nwcI mofor 113...........,...:...1 -.,.,,,;;;~-.,..,..;;1'-.......... 
--..:A-- .._I, a*--^^ _ .  a 

42.296UKltl... . . . 42&a t -- a,._ _. .__._ -. - -* .A 

- Compressor Heads :i, 7.‘:; * ?!r: .?A, peg.>‘-~~* ,I-‘. . .a. Slngle‘and two-stage compmasor heads are 
#-- -qhcement 8nd for l 8sembty of complete 

lubrication to all moving parts.. Heads have a 

---̂ -I- A--,_ -_.,--I__~_- oounter-balanced precision cranksha.?, tapered 
-:* oeanngs, oamcsa npvneet. a rarge 011 resefiuil~ 

.and a dustproof crankcase. 

Jr epre Size, Stroke _ Ovsr$ Inches NET .. 
m-c” Wd. ..-Ht. .\Nc. EAwl 

*-~q.> -‘, f.’ + .p.1,.5:.‘-m.. wifn large= motor tar this untt in t@ ‘Suggested Motor hp’ column. intercooler. 
*>*++,7.< 
..+r 
r~~~~~‘~!i.l,,:;.,,. 

:..c ‘1 .__, . . 

9-,‘. :.- .y_ ; Multi-Set. Oil-less Piston Ah-Compressor 
-Plenty ot air prersurr for alr t&-excellent :.. “This higmnsred compressor is powered by a 

> for spraying paint and Insectkldes, randblast- *-- *-Y-.l-_ -I_--,-- . . .* .: direct-drive, h hp. split-phase. thermal overload .e . -mng, mnarmg. craanmg, 8na maptm 
-Has five adju8table pressure sett ngs: ?0,30, 

p”’ proteccred motor mat operates oh 115--voits. fib. 

150, 70. and lOO.psl. UL listed unit has an air 
%..SO HzFumished With a 1Woot air hose, bleeder 

detivery of 2.2 cfm at 50 psl,end 113 cftn at 100 
*sair chuck safety valve. rubber feet. &foot cord 

,- psi. Maximum operatlng pressure is 100 psi. 
+-with a 3pron-g plug. and an o&off swffch. 
-40; 99QlKl7.-.. . . . . . . . ___ . . . . . . . . LHET UCH sl6o.oc ,. 

McMASTER-CARR 
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