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PROTOTYPE SURF ACE BARRIER CONSTRUCT ABILITY REPORT 

1.0 INTRODUCTION 

1.1 BACKGROUND 

The development of permanent isolation surface barriers is critical to supporting the Hanford Site 
environmental restoration mission. In-place management of certain waste management units may be 
the most desirable closure for many waste sites at Hanford. Remedial action objectives outlined in 
Phase I Remedial Investigation Report for the 200-BP-1 Operable Unit (DOE-RL 1993b) suggest that 
a likely remedial action could involve the use of a surface barrier. To further evaluate this 
technology, a Treatability Study Plan for the 200-BP-1 Prototype Surface Barrier (DOE-RL 1993a) 
was completed to gain performance and constructability data. 

The preliminary performance objectives for long-term surface barriers are listed below: 

• Isolate wastes from the accessible environment for at least 
1000 yr 

Reduce the likelihood of plant, animal , and inadvertent human intrusion 
Control the exhalation of noxious gases 
Minimize erosion-related problems 

• Meet or exceed all requirements of Resource Conservation and Recovery Act (RCRA) 
Subtitle C hazardous waste regulations and WAC-173-303 , "Dangerous Waste 
Regulations, " for closure of any hazardous/dangerous waste site 

• Limit the recharge of water through the waste to the water table to near-zero (0.05 cm 
of water per year [1.6 X 10-9 cm/sec]) 

• Function in a semiarid to subhumid climate 

• Be maintenance free . 

1.2 BARRIER PROGRAM OBJECTIVES 

To date, barrier performance has been evaluated only through laboratory and small-scale field 
experiments . A large-scale field experimentation was needed to enable engineers and scientists to 
obtain field experience in constructing protective barriers and evaluating their performance. 
Construction issues not readily apparent on the engineering drawing and specifications may be more 
easily discovered in the field. Construction of a 

large-scale prototype barrier will also provide data that can be transferred to larger construction 
activities for surface barriers on the Hanford Site. 

1 
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The following are programmatic objectives for the prototype surface barrier. 

• Integrate the various components of a permanent isolation barrier into a functional 
system 

-• Verify the constructability of multilayered earthen barriers 

• Document the design, construction, and testing process for the purposes of peer 
evaluation and critique, regulator review, and technology transfer 

• Provide large-scale testing of phenomena that are not adequately tested on small field 
plots, in laboratories , or with lysimeters 

• Provide a performance baseline by demonstrating barrier system functionality under 
stressed and ambient conditions 

• Obtain concurrence from regulators, end users, and the expert technical peer review 
panel on barrier design and performance 

• Provide a cost-estimating basis for the construction of permanent isolation barriers . 

Figure 1 shows a cross section of surface isolation barrier layers. 

Barrier components and their functions are described in the engineering report Prototype Surface 
Barrier at 200-BP-1 Operable Unit (WHC 1993). 

1.3 CONSTRUCT ABILITY REPORT 

This constructability report documents construction activities for the prototype surface barrier. This 
report has been prepared-in support of Tri-Party Agreement Milestone M-15-02E. 

Key issues discussed in this constructability report include the following: 

• Design errors/problems discovered during construction of the prototype barrier 

• Construction problems encountered in the field 

• Specified materials and products; 
Are they available locally or readily fabricated? 
Do specifications relate to established performance objectives? 
Are the specifications appropriate and achievable? 

• Effect of local conditions on materials (such as locally available gravels and basalt not 
within specification, effect of seasonal heat on fluid asphalt, etc.) 

• Project costs. 

2 
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The report is provided to aid in the design and construction of future barriers , in general, and as a 
tool in making decisions regarding applicability of surface barriers for the 200-BP-1 Operable Unit. 
While this report deals with the constructability of the Prototype Surface Barrier, an effort is made in 
Chapter 6 to extrapolate the pertinent constructability information to multilayered surface barriers in 
general. 

1.4 PRECONSTRUCTION ACTIVITIES 

1.4.1 Contracting 

A fixed-price contract was prepared for construction of the prototype barrier based on a well-defined 
scope, lack of radiation Zone work, and an expectation of lower costs as compared to plant forces 
construction. A market poll was conducted prior to publishing the bid package. A determination was 
made that there would be enough competition among small businesses that a small business waiver 
would not be required. ICF Kaiser Hanford (ICF KH) developed the bid package and procured a 
contractor for the construction of the prototype barrier. 

1.4.2 Procurement Effort 

A request for proposals was published in the Commerce Business Daily (CBD) on 
September 11, 1993. The original CBD announcement specified that the contract for construction of 
the prototype surface barrier would be set aside for small businesses only. 

Only one small business responded, with a proposal approximately 38 % greater than the fair-cost 
estimate prepared by ICF KH. According to federal government procurement regulations, the 
contract could not be awarded to the sole bidder because of a price quote of more than 10 % above the 
fair-cost estimate and inadequate competition. To do so would require a government audit of the bid 
and negotiations on a final price, a process estimated to take much longer than rebidding the work. 

ICF KH, in concert with Westinghouse Hanford Company (WHC), requested a waiver of the small 
business set-aside. The U.S . Department of Energy, Richland Operations Office (DOE-RL) granted 
the waiver, and a second· CBD announcement was issued on October 5, 1993 . 

Requests for proposals (RFPs) were issued, resulting in two bids , both of which were slightly lower 
than the fair-cost estimate. Proposals from the second bid cycle were opened November 11, 1993. 

The lack of competition from the original RFP and rebidding process resulted in a 2-month delay, 
setting the project back into the winter months. 

1.4.3 A ward to Contractors 

George Grant Construction, of Richland, Washington, was awarded the contract for construction of 
the prototype surface barrier. Subcontractors to George Grant Construction included the following: 

• Earthwork subcontractor - Contractor's Equipment Maintenance, Inc. (C.E.M.I.). 

4 
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• Asphaltic concrete - Acme Construction and Materials, Inc. 
• Fluid-applied asphalt - S.A.M.S. Systems (of Colorado). 

1.5 SITE PREPARATION 

Preliminary site work began in September 1993, in parallel with the second bid cycle for contracts. 
This work was done with ICF KH construction forces and WHC Plant Forces personnel. The 
following activities were completed: (1) installation of a raw water line, (2) topographic survey and 
placement of survey control monuments, (3) grouting underground crib piping and vents, (4) 
abandonment of one groundwater monitoring well and several in-situ probe casings , (5) placement of 
a water disposal basin for infiltration testing and monitoring, and (6) clearing and grubbing the site of 
vegetation. 

1.6 MOBILIZATION 

A preconstruction meeting was held with the contractor on December 15 , 1993. The Notice to 
Proceed was issued on December 17, 1993. The contractor subsequently mobilized to the project site 
on December 27, 1993 . 

Equipment was set up at the grout waste site, near the 200 East Area, on December 27, 1993 . A 
haul route was established by opening up part of the fence and using an old gate through another 
fence. This allowed a shorter haul route, reducing the hauling cycle time. Cycle time for loading the 
trucks, travel to the prototype barrier, and unloading was approximately 15 minutes. 

Activity began at Pit 30 on April 14, 1994, for processing of native, coarse granular materials . The 
Pit 30 materials were hauled to the 200 East Area through Gate 811. Cycle time for loading the 
trucks, _travel to the prototype barrier, and unloading was approximately 15 minutes . 

Activity began at the Vernita Quarry on February 17, 1994, for mining of natural basalt formation 
materials . Processing of materials began on June 10, 1994. Basalt from Vernita Quarry was hauled 
along State Route 240 to the Yakima Barricade and into the 200 East Area through Gate 811 . Cycle 
time for loading the trucks, travel to the prototype barrier, and unloading was approximately 
50 minutes . 

Activity began at the McGee Ranch borrow area on April 6, 1994, for excavation of native silt loam 
materials. The silts from McGee Ranch were hauled along State Route 240, through the Yakima 
Barricade, and into the 200 East Area through Gate 811. Cycle time for loading the trucks, travel to 
the prototype barrier, and unloading was approximately 45 minutes . Silt was stockpiled west of the 
construction site for subsequent pug milling. 

5 
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2.0 BARRIER CONSTRUCTION 

2.1 CONSTRUCTION METHOD 

The following activities describe construction processes and sequence. Each section describes 
activities applicable to that section only. 

2.2 SUBGRADE FILL 

As originally designed, the subgrade of the barrier was to be constructed of sandy soil (containing 
cobbles less than 75 mm in their greatest dimension with a constitution not more than 20 % of the 
volume of the fill) , which was to be obtained from the grout waste borrow area, placed and 
compacted to 95% of maximum density [WSDOT M41-10, Section 2-03.3(14)C, 
Method C]. 

The grout waste materials were previously excavated and stockpiled from construction of the Grout 
Waste Project. An Engineering Change Notice (ECN) was written (ECN W-263-5) to properly 
specify the sandy grout waste material , which was determined to be structurally sound, ensuring 
adequate support for the overlying barrier [WSDOT M41-10, Section 2-03 .3(14)C]. 

The subgrade fill was screened with a grizzly at the grout site and hauled by a fleet of three dump 
trucks approximately 4 .8 km from the grout waste site to the barrier. The total duration of placing 
the subgrade fill (approximately 29,050 m1

) was approximately 30 working days . 

The subgrade fill was required to make a level surface for subsequent testing and monitoring 
activities . Depth of the sub grade fill varied from O to 5 m as required by the original gradient of the 
soil surface in the crib area. The subgrade fill was placed level in the north-south direction and 
sloped down at 2 % in the east-west direction to provide drainage for testing and monitoring activities . 

Placement and compaction of the sub grade fill was completed as specified in the contract documents. 
Because the sub grade was placed during cold weather, there were a few days when the surface was 
required to be reworked to ensure that frozen materials were not embedded. The contractor was 
required to remove frozen materials and rework the surface daily during freezing temperatures . 
Onsite inspections verified that this effort was being conducted. 

2.3 LOWER NEUTRON PROBE ACCESS TUBES 

The neutron probe access tubes were installed in accordance with the design plans and specifications. 
During excavation on the southwest comer of the bottom probe, in situ soils above the crib were 
encountered, raising concern that contaminated material may have been excavated . The contractor 
stopped excavation, and WHC Health Physics verified that soils being excavated were not 
radiologically contaminated. Health Physics verification consumed very little time, and excavation 
continued with only minor delays . 

6 
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2.4 TOP COURSE 

The top course material consisted of crushed material (small enough to pass through a 16-mm mesh) 
hauled by dump truck from Pit 30 on the 200 Area Plateau and dumped on the barrier site . The 
material was blade-flattened by a 10-G motor grader. Compaction was completed to 95 % of 
maximum density to a minimum of 100 mm deep by a steel drum vibratory roller [WSDOT M41-10, 
4-04, 3(5)]. . 

2.5 PAN LYSIMETERS 

A basin was excavated in the top course and sub grade to construct the pan lysimeters . These 
lysimeters were built to determine performance of the asphalt layer. The lysimeter was lined with 
geomembrane, geotextile, and geosynthetic clay liner material. 

The pan lysimeter was originally filled to a depth of 0.2 m with drainage gravel , covered with 0.1 m 
of top course. When the asphaltic concrete was placed over the top course and application of 
asphaltic concrete attempted, the drainage gravel moved, allowing the geotextile and top course gravel 
to shift under the force of the roller. Geotextile, top course gravel , and asphaltic concrete were 
pushed in undulations in front of the roller, rendering the asphaltic concrete impossible to compact. 

The movement of materials within the lysimeters was stopped by modification of the lysimeter fill . 
The lysimeters were modified by removing the asphalt , removing the drainage gravel and geotextile , 
removing 0.1 m of the drainage gravel (leaving 0.1 m) , replacing the geotextile, and increasing the 
depth of the top course to 0.2 m to completely cover the geotextile. The geotextile was then overlaid 
by the asphalt. Lysimeter function was not modified by these construction changes. 

Modifications made to lysimeter design and construction on the test pad provided an improved 
construction method for the lysimeter in the prototype barrier, which was constructed without 
incident'. 

2.6 ASPHALTIC CONCRETE 

The asphaltic concrete was placed as planned. It was prepared in Richland, Washington, and hauled 
to the barrier site with conventional dump trucks. A conventional paving machine, laying varying 
widths of asphaltic concrete per pass, was used to lay a total of 3,513 tons of asphaltic concrete (est. 
approximately 3,400 tons on the prototype barrier) . 

Paving was done in two lifts of approximately 7 .5 cm each. General overlap of the terraces was 
approximately 1.5 to 1.8 m, which exceeded the specification of a minimum of 1.5 m. A nuclear 
gauge was used to verify compaction. The total duration of this work was 4 days , including paving 
the test pad. 

The specification for the asphaltic concrete was written to specify that 6% of the material , or greater, 
would be less than 0.074 mm, but this specification was not always met. This deviation from the 
specification was documented on a non-conformance report and reviewed by the engineers and the 
Barrier Development Team. The deviation was not perceived to be a major concern. 

7 
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To verify acceptability of the asphaltic concrete, laboratory and field permeability tests were 
conducted. Cores were obtained from the north end of the barrier for laboratory permeability testing . 
Field tests were completed using a modified falling head permeameter which increases the head space. 
This method provided good results in a matter of days instead of weeks, as previously assumed. 

In situ and laboratory permeability testing of the asphaltic concrete required 2 weeks , which was not 
originally scheduled. Application of fluid-applied asphalt was delayed to permit resolution of the non­
conformance report. 

2. 7 FLUID-APPLIED ASPHALT 

A polymer-modified asphalt was designed to be applied over the asphaltic concrete to form a very 
low-permeability layer. The polymer-modified asphalt (or fluid-applied asphalt) is applied by 
spraying the liquid directly onto the asphaltic concrete surface. Spraying was done with an asphalt 
distributor truck. Application of the fluid-applied asphalt was completed in 20 days . 

Originally, when fluid-applied asphalt was applied in 100-mil thicknesses, as specified, it developed 
bubbles (approximately 1 cm maximum diameter) which propagated from the asphaltic concrete 
surface up to the surface of the fluid-applied asphalt. Field personnel walked over the fluid-applied 
asphalt with tools to "pop" the bubbles while they were hot, allowing the fluid-applied asphalt layer to 
flow into the bubbles and seal the holes. 

Some bubbles were found after the fluid-applied asphalt cooled. Those bubbles were repaired by 
heating the material with a propane torch, which allowed the softened fluid-applied asphalt to flow 
into the hole left by the previous bubble. 

Bubbles in the fluid-applied asphalt applied during elevated ambient temperatures were found to be 
prevented by reducing nozzle size, and, at selected locations, by application of the fluid-applied 
asphalt ·over a geotextile fabric . 

A contractor-recommended application of a white latex paint to the surface of the fluid-applied asphalt 
layer, to reflect the sun, helped to control the temperature of the fluid-applied asphalt and keep it in a 
workable condition. 

Additionally, it was found that thinner layers of fluid-applied asphalt application tended not to bubble 
as much. Several layers were applied so that the total depth of fluid-applied asphalt was in excess of 
300 mils, making certain that the surface was consistent and smooth at greater than 200 mils. Five to 
seven thin layers of fluid-applied asphalt were applied to get acceptable results. 

2.8 WATER COLLECTION SYSTEM 

A water collection system was designed to determine water balance from various areas on the barrier. 
Twelve water collection systems were installed using concrete curbing and galvanized steel gutters to 
divide the asphalt surface. During testing, water will be applied to the surface of the barrier to 
simulate three times normal precipitation. 
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All surfaces of the test zone and dividing structures were reinforced with fluid-applied asphalt to help 
provide leak-proof surfaces. Crickets, which developed thermal expansion cracks during 
construction, were repaired with application of fluid-applied asphalt. Curbs and gutters were 
reinforced with geotextile and covered with fluid-applied asphalt . After the fluid-applied asphalt was 
applied, collection piping was placed in gutters to channel water to measuring devices . 

Collection piping was installed as illustrated on the construction drawings . The pipes were 
pneumatically pressure-tested before the trenches were backfilled. Siphon vaults were installed and 
coated with bitumastic. Dosing siphons and vault piping were installed to quantify water applied 
during the testing . 

Collection areas were tested by floo.ding the zone with water prior to placement of the drainage 
gravel. 

During one of the flooding tests , two holes were discovered in the galvanized steel gutters that had 
not been plug-welded during manufacture of the gutters . The holes were welded , and testing and 
construction continued. Additionally, during the testing, comer joints between the curbs were found 
to be leaky. Application of fluid-applied asphalt in those joints will prevent them from leaking . 

2.9 GRAVEL DRAINAGE LA YER 

Drainage gravel consisted of screened, cleaned, · round river rock, 10 mm to 38 mm 
[WSDOT M 41-9-03 .1(3)C, Grade 5)], from Pit 30. The gravel was placed and consolidated by 
two passes of a vibratory roller. 

Placement of the dr_ainage gravel was completed in less than a week. 

2.10 BASALT LAYER 

Drilling and blasting of the basalt at the Vernita Quarry was done by an experienced explosives expert 
employed by the contractor. The shot design and quantity of explosives required prior approval by 
ICF KH, WHC, and DOE. There was initial concern by US West/AT&T about seismic shock to a 
nearby fiber optic telephone line. US West and AT&T representatives observed and monitored the 
test shot, and no problems were experienced. 

The test shot was made early to ensure that no programmatic delays due to blasting were encountered 
that would delay production of the basalt. 

With information from the test shot, the loading pattern was opened and stemming was shortened to 
create less waste before production shots were made. 

The site was cleared and grubbed of overburden prior to blasting. Uncleaned, well-blasted (overshot) 
basalt was passed through 25 .4-cm-spaced grizzly bars to scalp off any oversize material. 

Initially the basalt product contained an excess of fine particles, rendering it slightly out of 
specification. The cause was determined to be that the basalt contained normal cracks that had 
occurred during initial placement of the basalt and throughout the ensuing time. The cracks filled 
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from the natural weathering processes with wind and waterborne silt, which, when combined with the 
small fraction of the blasted basalt, biased the range of particle sizes. The intent of the specification 
was met by the produced basalt, and the specification was modified to allow the use of the native 
materials as was originally intended. 

2.11 SHOULDER BALLAST 

Railroad ballast (rock from 50 mm down to 10 mm) was designed to act as a transition between the 
large basalt particle sizes and the small gravel to prevent the gravel filter from falling between large 
basalt pieces. The shoulder ballast has been placed up to the height of the bottom of the gravel filter 
layer. 

2.12 GRAVEL FILTER 

The purpose of the gravel filter is to support the overlying sand filter, which supports the silt layer. 
The gravel filter material is crushed material (small enough to pass through a 16-mm mesh; 
comparable with the "Top Course") hauled by dump truck from Pit 30 or supplied by sand-and-gravel 
contractors. The gravel filter was placed over the drainage gravel and shoulder ballast according to 
the drawings . The material is graded to blade flat or to the required slope by a 10-G motor grader. 
Compaction on the flat areas is completed to 95 % of maximum density to a minimum of 100-mm 
depth by a steel drum vibratory roller [WSDOT M41-10, 4-04 , 3(5)]. 

2.13 CLEAN FILL SIDE SLOPE 

The clean fill side slope was placed, as designed, to be a rocky, freely draining gravely material. It 
is produced by mining and screening the Pit 30 material. It is transported to the prototype barrier 
site, placed in 30.5-cm lifts, and compacted as common fill by two passes with large rubber-tired 
vehicles. 

The clean fill was originally not within the range of the specification because there were too many 
fines in the gravel, caused by not removing the overburden above the gravel. The specification was 
modified by ECN W-263-5, to clarify that the material was to be largely cobbles and sands - a 
"gravely material." The product is used as-is, with production after topsoil stripping. 

2.14 TEST PAD 

2.14.1 Virginia Breakover Compaction Test Pad 

Two separate test pads were constructed. One pad was constructed to demonstrate maximum 
compactability of the asphaltic concrete (Virginia Breakover Test). The test pad for the Virginia 
Breakover Test is typically used on construction projects to define appropriate compaction of asphaltic 
concrete to match the sp<;:cifications. 
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2.14.2 Asphaltic Concrete Test Pad 

The second asphaltic concrete test pad was constructed with materials and construction methods 
identical to the asphaltic concrete layer. Test pad construction was completed in parallel to the 
barrier in order to simulate the asphaltic concrete layer within the barrier. 

~, A strip of fluid-applied asphalt was added to the west end of the test pad for additional testing 
purposes . 

Included in the test pad is a pan lysimeter, identical to the lysimeter within the prototype barrier. 
Permeability data generated from test pad testing are presented in Section 3.2 . 

2.15 SAND FILTER 

The sand filter was placed directly above the gravel filter. Naturally occurring sands were used 
meeting standards established by the U.S. Army Corps of Engineers for a soil filter under saturated 
flow conditions. A 15-ci;n layer was placed in accordance with WSDOT M41-10,2-03 .3(14). Side 
slope areas were increased to 30 cm due to the inability to compact the slopes . Standard dump trucks 
were used to haul the material to the site and a 10-G motor grader used to place the material. No 
problems were encountered during placement of this layer. 

2.16 GEOTEXTILE 

A non-woven, needle-punched polypropylene geotextile was placed between the sand and lower silt 
layers. The geotextile was used to minimize disturbance of the sand layer and to prevent intermixing 
of the sand and silt during placement. The geotextile was used as a construction aid only and was not 
a factor __ in design calculations. No problems were encountered during placement of the geotextile. 

2.17 LOWER SILT LAYER 

Silt loam was obtained from the McGee Ranch area of the Hanford Site. The silt loam was stockpiled 
at the construction site for subsequent pug milling for the upper silt layer and to accelerate the 
construction schedule for placement of the lower silt layer. Material was stockpiled during the 
construction suspension (Section 4.1.1). The silt loam was well graded, having more than 30 percent 
passing the No. 230 sieve. 

The lower silt layer was placed by a bulldozer in a single 1-m lift. The silt layer was ripped to a 
depth of 60 cm to break up any compaction (greater than 88 percent maximum dry density) due to 
placement. The silt layer was placed as designed. 
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2.17.1 Upper Neutron Probes 

Four sets of neutron access tube loops were installed in the lower silt layer . The tubes were placed at 
a minimum of 150 mm above the geotextile. Placement was completed by blocking the tubes above 
the geotextile and hand filling beneath the tubes. The blocks were removed after sufficient material 
was placed under each tube. 

2.18 SILT/GRAVEL ADMIX LAYER 

The upper 1-m lift consists of silt loam from McGee Ranch admixed with pea gravel to 15 percent by 
weight using a pug mill. This technique was required to obtain uniform blending. The pea gravel 
admix is to resist wind and water erosion on the surface of the barrier. The admix layer was placed 
in a similar manner as the lower silt layer. No problems were encountered during placement of this 
layer. 

2.19 MISCELLANEOUS BARRIER ACTIVITIES 

This section describes several minor barrier activities that were required to complete the project. 

Gravel access roads and a parking lot were constructed to facilitate subsequent testing and monitoring 
activities . Gravel consisted of less than 16-mm material compacted with a vibratory roller to 
95 percent maximum density [WSDOT M41-10, 4-04, 3(5)] . A 15-cm thick, 3-m perimeter road was 
constructed on top of the barrier to reduce wind and water erosion. 

A chain link fence was installed around the base of the barrier to prevent inadvertent access to the 
site. Signs were placed along the post barricade with the following warnings, "ENVIRONMENTAL 
TEST SITE UNAUTHORIZED ENTRY MAY IMPAIR THE VALIDITY OF TESTS" and 
"AUTHORIZED PERSONNEL ONLY" . In addition, a chain link barricade was placed on the east 
side of the basalt rip rap _to warn personnel of the steep side slopes. 

At the conclusion of construction activities, all borrow areas were stabilized. Disturbed areas around 
the construction site will be revegetated. These activities will be initiated in late fall to take 
advantage of the additional moisture in the winter months. 

3.0 TESTING/INSPECTION DURING CONSTRUCTION 

Construction quality assurance activities were performed to ensure that the prototype barrier was 
completed in accordance with approved design specifications and drawings. Inspections, testing, and 
verification included activities such as (1) field density measurements, (2) physical property testing of 
materials , (3) surveys to verify location, elevation, and depth of varies layers, (4) material 
verification, and (5) as-built drawings (Appendix A). These activities were completed in accordance 
to Construction Quality Assurance Plan, Prototype Surface Barrier, Project W-263 (WHC 1993a). 

12 

.. 

,. 



9 
, "l.. If 

OB'RL~4- 6, R v. 

3.1 PERTINENT COMPACTION DATA 

All testing and inspecti011 results are located in the project files . These data will be collected in a 
final Construction Quality Assurance Report . No problems were identified in meeting the compaction 
specifications. 

3.2 PERMEABILITY DATA OF ASPHALTIC CONCRETE LAYER 

3.2.1 Barrier Permeability Data 

Laboratory permeameter tests were completed on asphalt cores from the barrier. Final results 
indicated a hydraulic conductivity of 10-10 emfs. The cores were obtained from the "non-functional " 
area of the prototype barrier, at the north end. Table 1 presents laboratory data from barrier testing . 

I 

Table 1. Laboratory Asphaltic Concrete Permeability Data 
for the 200-BP-1 Prototype Barrier. 

Sample I Permeability (emfs) 

IA 1.32 X 10-09 

2A 3.45 X 10-IO 

3A 2.42 X lQ•IO 

4A 1.24 X 10-lO 

SA 3.16 X 10-lO 

3.2.2 Test Pad Permeability Data 

A modified falling head permeameter test was completed on the test pad and barrier surface. 
Table 2 presents data from these tests . 

I 

Table 2. Field Asphaltic Concrete Permeability Data 
for the 200-BP-1 Prototype Barrier. 

Sample I Permeability (emfs) 

1 NW Comer 1.91 X 10-09 

2 NW Comer, seam 1.08 X 10-07 

3 N Center 1.47 X 10--08 

4 NE Center 4 .33 X 10--08 

5 NE Comer 1.51 X 10--08 
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4.0 LESSONS LEARNED 

Because this construction project dealt with a prototype, it should be assumed from the outset that 
specifications and plans should change. The design was remarkably complete, and the project had 
few planning problems . As is common in all projects , however, when problems were encountered 
inadequate or insufficient planning could be causative. This section describes some of the lessons 
learned in design and construction of the prototype barrier. 

While it is difficult to clearly separate the lessons learned into causative sections , an attempt is made 
to do that here to facilitate organization of thought for potential solutions for the future . 

Additionally, some attempt is made to separate out problems that would not impact nonprototypical 
barriers, since certainly this prototype barrier was less constructable and cost more than would a 
barrier that did not have testing and monitoring features incorporated into the design. 

4.1 PROJECT PLANNING 

4.1.1 Work Stoppage - April 18, 1994 through May 21, 1994 

DOE-RL suspended construction activities on April 18, 1994, to allow the Yakima Indian Nation time 
to review and comment on decision-making documents regarding the construction of the prototype 
barrier. After consultation, construction activities were resumed on May 21, 1994. Work-around 
activities were completed during the construction suspension, which reduced both schedule and cost 
impacts . It is critical to involve all stakeholders in the decision-making process prior to initiating 
construction activities. 

4.1.2 Seasonal Cycles 

Seasonal cycles have a significant impact on the integrity of barrier components. Freezing 
temperatures make it extremely difficult to meet compaction requirements . Due to the mild winter 
during construction of the prototype, only minor delays were encountered due to frozen materials . 
Scheduled downtime in the winter months will need to be a requirement. 

4.1.3 Permeability Testing of Asphaltic Concrete 

No time was scheduled for permeability testing of the asphaltic concrete on the main barrier. 
However, because this barrier is a prototype for potential future barriers on the 200 Area Plateau, 
extensive testing and analysis was required. This included actual coring of the asphalt layer of the 
barrier for laboratory examination. 
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Once large-scale barrier performance is better proven for the Hanford environment, the extensive 
testing and analysis will not be required . When barriers are standardized, routine construction 
testing, designed into the barrier as a quality assurance function, will suffice to prove that 
construction follows design. 

4.1.4 Surface Contamination 

At the beginning of the project, a surface radiological survey was performed at the construction site. 
The survey identified radiological contamination in the southwest portion of the construction area. 
The contamination was removed by on-site construction forces . 

There will always be the potential for surface contamination above cribs over which barriers will be 
placed. Careful planning must ensue for future barriers to ensure that contaminated materials are not 
encountered. New topographic surveys should be done to ensure that a current datum is referenced , 
and that the topography over the waste area has not been modified by placement of clean fill or by 
excavation or other removal of surrounding soils. 

4.2 DESIGN PROBLEMS 

The majority of the design problems were associated with the testing and monitoring aspects of the 
barrier. The following sections discuss these problems along with material specification problems. 

4.2.1 Material Specification 

Barrier design must be based on a well-defined philosophy, and specifications must be written to 
support_ that philosophy (i.e., if the design philosophy is to use available materials, then barrier 
construction specifications should describe those available materials). Time must be provided during 
project planning for evaluation of barrier materials. This section describes problems associated with 
material specifications. 

4.2.1.1 Asphaltic Concrete. The asphaltic concrete mix was developed to minimize permeability 
while maintaining structural integrity for the overlaying materials. During the placement of the 
asphaltic concrete, some material was slightly out of specification. When the asphalt being emplaced 
on the barrier fell outside the specification, a non-conformance report was issued by the project 
Construction Quality Assurance inspector. The specification was reviewed, permeability testing was 
accomplished, and an ECN was written to better define the specification. The contractor was allowed 
to continue to emplace the asphaltic concrete 

Although the asphaltic concrete contains less than the specified amount of fine materials [those soil 
materials passing a 200-mesh (0.075 mm) screen], permeability of the asphaltic concrete at 10·10 emfs 
exceeded the specification of 10·7 emfs. 

Asphaltic concrete specification problems could be remedied in the future by requiring the contractor 
to demonstrate compliance with the specification prior to placement. Continued periodic sampling 
should verify that the specification continues to be met. 
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4.2.1.2 Basalt. Gradatfon tests on the processed basalt were sometimes slightly out of specification. 
Although the average particle size was within the text specification, the listed range of particle sizes 
was not always within specification. The blasted basalt yielded more fines than originally anticipated 
(Section 2 .10). 

On this project, the specification was modified by an ECN to allow use of the desired materials. In 
the future, the specification must be carefully written to ensure that the proper materials have been 
identified. 

4.2.2 Requirements · Definition 

As the project proceeded, the Barrier Design Team identified additional modifications to existing 
monitoring components of the barrier. Since this was a fixed-price contract, it was difficult to include 
research and development aspects without cost and schedule impacts . A great deal of coordination 
was required to satisfy all of the program's needs. Since this is a prototype, these problems will not 
be encountered after the prototype has been constructed and tested. 

4.2.3 Survey 

A survey error caused potential placement problems with the lower neutron probe access tubes. The 
subgrade fill was placed then re-excavated as planned down to below original grade (which was cover 
for surface contamination) for placement of the lower neutron probe access tube. There was a 
potential for exposure of an offsite contractor to radiologically contaminated material. 

To reduce the likelihood that a contractor might inadvertently excavate contaminated soil , an up-to­
date topographic map must be made prior to barrier design. 

The geographic survey was based on the old Merrick system, which was replaced with another system 
by DOE in 1991. The change in mapping systems caused a coordinate change, causing incorrect 
placement of the monuments. Because of this, the barrier was not centered over the crib. In this 
case the barrier is only 20 to 23 cm off, and will not cause a problem, but the potential for such a 
problem must be avoided in the future . 

4.2.4 Pan Lysimeters 

The pan lysimeters were originally filled with 0.2 m of rounded rock and then covered with 
geomembrane and 0.1 m of drainage gravel. When the asphalt was rolled over the drainage gravel, 
the round rocks moved, allowing the drainage gravel to shift, causing the roller to "push" the asphalt 
in front of it. 

The problem was resolved by removing the asphalt, removing the drainage gravel and geotextile, 
removing 0.1 m of the cobbles (leaving 0.1 m of cobbles), replacing the geotextile, and substituting 
0.2 m of drainage gravel, over which was laid the asphalt. This was probably a one-time error. 
Now that it is recognized that the original depth of round in the prototype was not functional, 
lysimeters with that depth of rock will not be designed. This was the type of error that "prototypes" 
are designed to prevent in "working" systems. 
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4.2.5 Water Supply Line - Water Hammer 

The raw water pipeline developed several leaks after it was installed. Initially, a water hammer 
occurred causing the pipe to burst. The system was redesigned to include pop-off valves to eliminate 
the water hammer. 

Additional leaks were found in the pipe joints. The joints were excavated and replaced . 

Future barriers will not require accelerated precipitation testing . Thus, the problem will disappear 
with the construction and testing of the prototype barrier. 

4.2.6 Curbs and Gutters 

Heat from the sun caused the curbs to expand and buckle . Upon cooling and contraction, cracks in 
the curbs appeared at the joints with dikes . The cracks were repaired by applying fluid-applied 
asphalt over a geotextile. Once the overlaying materials were placed, the temperature will remain 
stable and the expansion problem will be eliminated. 

Future barriers will not have the requirement for infiltration collection systems. However, possible 
solutions where water collection systems will be required may be to (1) construct the concrete curbs 
with expansion joints and steel reinforcing, (2) construct asphaltic concrete curbs that would have a 
coefficient of expansion similar to underlying structures, or (3) immediately paint the structures with 
white latex paint to reflect the sun, thereby precluding sorption of heat by the structures. 

4.2. 7 White Paint Coating Over Fluid-Applied Asphalt 

A coating of flat, white latex paint was requested by the contractor to be applied over the fluid­
applied ·asphalt. The paint reflects heat from the sun, allowing the fluid-applied asphalt to remain 
cooler. The white paint coating made no difference in barrier function, only in constructability . 

In the event that fluid-applied asphalt is used in future barriers, some concern must be manifest in the 
design to prevent heating of the fluid-applied asphalt surface. 

4.2.8 Compaction of Terrace Transitions 

The terrace transitions on the prototype barrier were left rough, and the fluid-applied asphalt did not 
flow into the rough surfaces. Hand application of the fluid-applied asphalt was required to ensure an 
even coat over all surfaces. 

If fluid-applied asphalt is required on future barriers, a smooth, compacted transition between terraces 
will be needed. Terrace transitions will not be required on future barriers . 
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4.3 CONSTRUCTION PROBLEMS 

The specification for the polymer-modified asphalt (fluid-applied asphalt) defined two applications of 
100 mils , each. The fluid-applied asphalt , as it was applied over the asphaltic concrete, developed 
small air bubbles that communicated with the micro cracks in the surface of the asphaltic concrete . 
Another potential bubble causative factor appeared to be application by larger nozzles on the asphalt 
distributor. Personnel with trowels went over the still warm surface of the fluid-applied asphalt 
opening the bubbles , which then filled as the fluid-applied asphalt flowed into itself. 

The fluid-applied asphalt also developed bubbles due to heating in the hot sun. It is possible that if 
the fluid-applied asphalt were applied in the cool of the very early morning and coated before the 
surface became warm, the bubbles would not form. 

Field modifications demonstrated that thinner layers of fluid-applied asphalt did not bubble so much, 
that applications by smaller nozzles and at slower speeds did not bubble so much, and that fluid­
applied asphalt , when kept cooler (e.g ., with a coating of heat-reflective white latex paint) , did not 
bubble. The fluid-applied asphalt also did not bubble when it overlaid a geotextile . 

4.4 DEVIATIONS 

A total of 20 ECNs were required during barrier construction, which is not considered excessive for a 
project of this size. Copies of all ECNs are located in the project files . 

5.0 PROJECT COSTS 

5.1 PROTOTYPE BARRIER COSTS 

Table 3 shows the original estimate for the prototype barrier, and the forecast actual cost. Although 
the base bid for construction was almost $400,000 below the engineers ' estimate, delays and changes 
in scope increased costs by approximately $200,000. 

Table 3. Prototype Barrier Estimate Project Costs . 

I Activity I Original Estimate I Actual Cost I 
Engineering design $271,000 $268,400 

Engineering inspection $197,400 $332,500 

Line $372,400 $262,000 

Fixed-price construction $2,638,700 $2,388,500 

Construction management $175 ,500 $135,000 

Project integration (WHC) $216,800 $95,300 

Subtotal $3 ,871 ,800 $3 ,481,700 

Contingency $369,900 NIA 

Project total $4,241,700 $3,481,700 
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5.2 APPLICATION OF UNIT COSTS TO FUTURE BARRIERS 

The following unit costs (Table 4) are based on the actual bid for the prototype barrier (5-acre 
footprint). Extrapolation of these unit costs for estimates of larger barriers should take into account 
some economy-of-scale factors . Additionally , cost factors will be changed by mobilization of offsite 
contractors to the site . For example, if the fluid-applied asphalt batch plant could have been set up on 
site, total time for application of the fluid-applied asphalt would have been 4 days , providing a great 
savings for the contractor, and therefore for the contract. 

Table 5 shows the breakdown of fixed-price construction costs . 

Table 4. Unit Costs. 

Barrier layer Total units Cost per Factors 
bid unit 

Sandy soil fill 34,000 yd3 $4.32/yd3 haul approximately 
3.2 km and place 

3/4-in. Crushed gravel filter 13,500 tons $16.90/ton haul approximately 33.8 km 
and place 

Asphaltic concrete 3,400 tons $84.03/ton haul approximately 33.8 km 
and place 

Fluid-applied asphalt 8,050 yd2 $36.02/yd2 haul approximately 33 .8 km 
and place 

Drainage gravel 6,300 tons $18.10/ton haul approximately 
3.2 km and place 

Fractured basalt 14,000 yd3 $20.93/yd3 haul approximately 25 . 7 km 
and place 

Pit run gravel 40,000 yd3 $6.88/yd3 haul approximately 
3 .2 km and place 

McGee silt 3,300 yd3 $19 .09/yd3 haul approximately 22.5 km 
and place 

Gravel admix silt 4,600 yd3 $32.82/yd3 haul , approximately 22.5 km 
mix and place 
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Table 5. Breakdown of Fixed-Price Construction Costs . 

I Description I Base bid I 
Bond insurance $27 ,000 

Mobilization $51 ,000 

Sandy soil fill $160,000 

Neutron probe - access tubes $21 ,000 

Pan lysimeters $47,000 

Collection piping $35,000 

Vaults for siphons $21 ,000 

Coat inside vaults with bitumastic $1 ,000 

Dosing siphons and vault piping $22,000 

Top course surfacing $47,000 

Asphaltic concrete at terraces & test pad $285,700 

Fluid-applied asphalt $290,000 

Gutters and upper collected system piping $90,000 

Concrete curbing/gutter crickets $13 ,000 

Drainage gravel $114,000 

Basalt $293,000 

Gravel filter $67,000 

Sideslope fill $275 ,000 

Sand filter $40,000 

Silt - lower layer $63,000 

Neutron probe - access tubes in silt $25 ,000 

Blend silt and pea gravel $128,000 

Grade and compact access road $6,000 

Post barricade and gravel stabilization $15,000 

Punchlist/ cleanup $3,500 

Demobilize $2,800 

Change Orders $245 ,500 

TOTAL-SUBCONTRACT $2,388,500 
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6.0 SUMMARY AND RECOMMENDATIONS 

Completion of this prototype surface barrier over the 216-B-57 crib demonstrates that large-scale 
barriers can be constructed as designed. Only minor changes in construction specifications were 
needed to meet quality control requirements . As indicated in the Treatability Study Plan for the 200-
BP-l Prototype Surface Barrier (DOE-RL 1993a), improved designs and construction methods will be 
incorporated into future barrier projects. 

This section summarizes the construction activities for the 200-BP-l prototype surface barrier. In 
addition, recommendations are presented for further development of surface barriers . 

6.1 RECOMMENDATIONS 

Completion of Phase I of the treatability test plan identified issues that will improve subsequent 
barrier designs. This section identifies recommendations for further investigation. 

6.1.1 Alternative Pricing Mechanisms 

Fixed-price contracts are cost effective for well-defined projects. Because of the nature of this 
barrier, many research and development issues were identified that made it difficult to accommodate 
this contract method. Future barrier fixed-price contracts will not have these difficulties . 

Alternative pricing mechanisms may also be evaluated for obtaining competitive prices. Use of unit 
prices and contract quantity estimates for fixed-price basis for overages or potential add-ons in the 
field may reduce costs. With such a contracting mechanism, the line items could include "Topsoil 
Stripping Volume," "Rock Crushing," "Provide Material xx," "Excavate x Amount of Material ," etc . 
A base hid (fixed price) could be used for approximate quantities with optional unit prices for 
overage/underage. 

Cost incentives could be included in the contract for accelerating the required schedule, and penalties 
could be included for late completion, if the schedule was within the contractor's control. 

6.1.2 Fluid-Applied Asphalt 

Because of the relatively high line item cost and construction difficulties of the fluid-applied asphalt 
layer, alternative products should be evaluated. Results of the initial permeability testing on the 
asphaltic concrete exceeded the design requirements , which may eliminate the need for the fluid­
applied asphalt. 

6.1.3 Barrier MaterialS 

A reliable source of barrier materials will be required to proceed with large-scale remediation of the 
200 Areas. Material such as basalt may be located in culturally sensitive areas , which may make it 
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difficult to obtain the desired quantities . Early planning is needed to secure these materials prior to 
initiating additional barrier construction activities . 

6.2 SUMMARY 

Initial procurement of the construction contract was delayed approximately 2 months due to the lack 
of competition amongst bidders . A second bid package was issued, and a contract was awarded to 
George Grant Construction of Richland, Washington. The bid price was approximately 15 % below 
the fair-price estimate. 

Initial mobilization to the site began on December 27, 1993 . Construction activities proceeded on 
schedule except for a 1-month construction suspension (Section 4.1.1). Freezing t~mperatures during 
placement of the basefill resulted in only minor cost impacts due to the relatively mild winter. 

Barrier components were installed as designed with only minor modifications. Standard construction 
equipment was adequate to meet the Quality Control requirements. Modifications to material 
specification were required to use existing materials as originally planned. Performance requirements 
were met using these materials . 

Since this was a prototypical barrier, the design included many special requirements for subsequent 
performance testing. The majority of the construction issues were associated with these aspects. All 
issues were resolved to satisfy the requirements for the Phase II testing . 
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l.2M x 1.2M x 2. 1 M PRECAST 
CONCRETE VAULT HH-LA 
W /COVER • H -222P BY 
UTIUTY VAULT CO OR 
APPROVED SUBSTITUTE 

::-. · ... 

NORTH 

NORTH 

0.30 

38cm 
(15") 

EB WATER VOLUME 
- - SCALE: NONE 

TYPICAL 12 PLACES~ 

VENT 
SEE SECT@ 

<t: N 1 J765 2.5J 

STL POST 

75mm PVC 
DRAIN PIPE 

OOSE CYCLE COUNTER 
SIPHON SITTER II BY 
ORENGO SYSTWS [NC 
OR APPROVED SUBSTITU TE 

1----iH-d--+-- usE FITTINGS AS REQUIRED 
TO ACHIEVE ALIGNMENT 

SIPHON 

JOOm m DRAIN LINE 

SIGHT GlASS SECTION 
75mm CLEAR PVC x 300mm 
SOLVENT CEMEN T TO STO 

VC COUPL I NGS. HARR INGTON 
PL !CS 108-0JO OR 
APP SUBSTITUTE 

DELETE INLET DROP 
AT SIPHONS JE . JW. 
6E, ANO 6W --- - -J 

150mm DOSING SIPHON (PVCI 
MOOEL 62 -1 BY ORENCO SYSTEMS 
OR APPROVED SUBSTITUiE 
INSTALL PER MFR REOMTS - ----

COAT INSIOE WALLS ANO 
FLOOR W/PERMA-GARO III 
BY NEOGARO OR APPROVED 
SUBSTITUTE. INSTALL PER 
MFR'S RECOM '-'ENOA TIONS 

AFTER PLACWENT OF SIPHON, 
TEMPORARILY BRACE PI PING 
AND FILL BOTTOM OF VAULT 
W/0. J M OF CONCRETE 

; ~~E Wtfc\LR~?J~TS 
~ owe H4 2~s17 •'9J 

:'.l 

150mm TY? 

PVC PIPE TYP 

ENLARGED PLAN SIPHON VAULTS 
SCALE: 1: 100 

DETAIL@ INVERT ELEVATIONS 

PIPE @ § e ® ® § ® @ ® @ @ ® 
INVT EL TOP 19•.030 19• .010 19].990 19].980 19].960 19J.9'40 193.5-10 19J.560 19].580 193.590 153.610 19J.6JO 

INVT EL BOTTOJ.< 19].270 19].280 19J.280 19].290 19J.JOO 19J.JOO 193.JOO 193.JOO 19].290 19].280 19J.280 19].270 

i 57mm OEEP PLASTIC 
HANOHOLE W/1 (X T[NSION 
(686mm TOT AL OEPTHI 
SERIES 17JO BY 
UTI LI TY VAULT CO 

VENT 
SEE SECT@ 

S;_ Nl J765J.7-I 

N1J7651.J1 

OPP 
HANO 

N1 ]7625. -10 

PAINT COLLECTOR ZONE: IO NUMBERS 
ONTO COV(R IN 0 . .3 METER H[GH 
LETTERS - APPLY 2 COATS MIN 
OF GREEN EPOXY BASED PAINT 

300 mm to 

EL 193.60 
T_OP or CO NC 

SCREEN 

150mm EXTENSION 
RINGS --

HIGH WATER e; 

~00 m m 

0.6ffi~M 

EL 192.15 
LOW WA TER 

!.:J2...QL.... 

z I~ 
150mm PVC TYP 

-
EL 191. 10 

80T OF CONC 

SUBCRAOE 

JOOmm PVC rff> JOOmm :ii: ~5 • 
ELS TYP 

75mm 

FASRICA TE 180" RETURN 
WITH ELBOWS 

150mm 
150mm 

150mm TEE ANO VENT ASSY 
AT E ANO W ENOS ONLY 
SEE ENLARGED PLAN 
SIPHON VAULTS 

x 90" ELB 
PLACES 

JOOmm lC go• £LB WITH 
J00mm x 1 50mm ROCR 8SHG 
E ANO W ENOS ONLY 
300mm x 150mm TEE 
TYPICAL 10 PLACES 

. -;, 
·J 

150mm X 90• 

90" ELS WITH 
75mm ROCR SSHG -.....___ 

.,,- JO0mm x 90• ELS 
/ (HEADERS} 

l NVT EL 190.810 

PROFILE 

150mm x go• ELS 
WITH 150mm x 75mm 

ROCRBSH~H ~ 
75mm .,~r.., l 
PVC "iJf,I" 

~Ol 

TEE 

TO DISPOSAL 
BASI N 

EB DETAIL 
SCALE: NONE 

TYPICAL 12 PLACES 
(6 PUCES OPP HANO) 

') 
,. DO /R L-94- 76, Rev . 1 

x 150mm TEE 

H - 2 - 8 1 7 4-~ 8 SH 2 
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NORTH 

! 
j" 
i 

i 

___ ,g• 

Q 

------, .. ----~ 

~ . 
~ •9• 

~ 11/ASP+IALT T(ST PAO· rOR L_J ;Al!ON Sr£ H•2· !17'9J S>1 I 

ASPHALTIC CONCRETE COMPOSITE LAYER 
SCALE • 1 :JOO 

NO COLLECTOR 
GUTTER (TYPI 

I l . i -
COLLECTOR GUTTER (TYPJ 

ENO OF CRUSHED 
SURFAC[NG TOP 
COUP.SE 

"41J 62 

• ENO OF 
ASPHALT[C 
CONCRETE 

SEE O(TA!LSW & LE\ 

~ti"' 

9 
~ BARRIER 

14 .0 M 

J .• M •.O M <.O M , .a " 

J.7 M •.1 I.I 5.7 ).I 

7 ... 
(REF) (Rffl 

• .O M 

O.J M 

0.5 M 

10 M 

CREFJ 

; DWl:/RL- 94- 76 , 

1'- .0 ~ 

NOTE: 
WIDTH OF PAVER PASS TO SE 
AS SHOWN - AT NO TIME 
SHALL PASS SEAMS OF TWO 
CONTACT !~<:: LAY£RS BE LESS 
THAM 1.5 METERS APART 

5.7 M I 
5.7 !.I 

5.7 M 

•.J ... I 
I 

J. 4 ).I 

II 

(REF) 

0 .5 M 

O.J M 

0.5 M 

195.65 

NOT£: SPOT £LEV SHOWN FOR TOP OF ASPHAL T[C CONCRETE ARE 
PRIOR TO APPLICATION OF FLU!O APPL!EO ASPHALT 

t RJOCE 
I J2M7 

:, 

~ +----1----,-,----+--- -.-,----'"I-. 
.., 
Q. 

'3 
Ill 

a 
:;; 
-' 
-' 

@ 0 .., 
Q. 

'3 
~ ---','-'----+----''--¥----io 
:;; 

SECTION 
SCALE: HOR!Z 1:100 

VERT 1:10 

• M x 2J M TRANSITION 
ZONE COLLECTOR 

SID£SLOP£ 

.: 
z ; 
u 

-'---'----SO_U_T_H_E-NO• ' -COL-©_;_C_TO_R&_---J~~: 

WATER COLLECTION SYSTEM ZONES 
SCALE • 1:600 

® 

H-2 - 817489 
A-10 

Rev . 1 

SH 1 
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- ::::::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-=-- ------------

'• ASPHALTIC 
CONCRETE 

GUTTER SCREEN 
SEE@ 

ANCLE 150 mm x 150 mm 

@ ~Wi; A!J:C: \gtP,iD2J .. ~u~~GLE 
cwsooT >J•1-10 SECT 9-0 , .101 
TO EUl,IINATE PONDING 
FLUID APPUEO ASPHALT 
BE SUBSTITUTED --- ---, 

FLUID APPLIED 
ASPHALT 

Q) ~~~~ g~~~~m \i i~~ms 
WATER DRAINAGE TO 
PIPE INLETS - SEE@ 

NOTE: 
NUMBERS IN CrRCLES /tl DENOTE 
SEQUENCE OF CONSTRUCTION BEGINNING 
AFTER APPL!CA TION Of FLUID APPLIED 
ASPHALT AND 2 4 HOUR CURE 

150 mm 

CTYPI 

FLEXIBLE PIPE COUPLING 
Mc>JAS TER·CARR CA Tl98 
NO. <511K78 ITYP) 

6 

VERTICAL OffSET 
(BEYOND! SEE DETAIL @ 

CUT & GRIND OPENING 
IN ANGLE LEG TO 
iaAfCH PIPE ID. -
BOTTOia OF P IPE AT 
BOTTOia OF ANGLE 

HORIZONTAL OFFSET 
SEE BELOW 

19 mm X 19 mm x J MM ANGLE 
ATTACH SCREEN SY WELD [NG 
EVERY FOURTH SAR 

FABRICATE GUTTER SCREEN 
FRO"' ALLOY STEEL SPACE CLOTH 

D ET A IL WATER CO LLE C TI ON 

SCALE = 1:5 
S E C TI ON @817489 SHI 

6 mm x 3. '4 mm (.l" x 0.1J5") 
McMASTER-CARR CAT •98 / 
No. 92<7T16J ~ <...._ 

GUTTER SCREEN -

200 mm 

(REF) 
w 
u 
< 
<r 

w ~ 
u w < 
<r t:, 
5 Ct: 
~ 

u 
z 

w 0 
~ u 
w 
<r 8 

----- §! 
~ 
~ 0 < u :c 

(J CL 
Vl 

~ < 
~ ... < :c 0 
a. w "' < <> 
I,.. 8 
0 

"' <> 

150 mm I .300 mm 150 mm 

CONCRETE CRICKET 

SEE@&@ 

TR[M & fC'LD ENDS AGA!NST 
GUTTER A/\GLE LEGS TO 
CLOSE OPNG (T'r'P EA END) 
OR MAKE CLOSURE FRO"' 
1 4 GA SHEET AND PLUG 
WELD TO SCREEN 

PIPE COUPLJNG 

0 
0 

7 5 mm PIPE ,.., 
GALV AFTER 
FABRI CATION 

CONTROL LINE 
150 m m 

J.JJ M 

75 mm 

CONTROL L!NE 
(4' P[PE) T'r'P 

25 mm 

,( 
8 

P IPE COUPLING 

ANGL E - SEE@ 

STD WE LDED ELBOW - 4S? 

DETAIL GUTTER SC R EEN 

NTS 

ENLARG ED PLA N COL LE C T OR P I PE HORIZON TAL O F F SET 

SCALE • 1:5 

C 

® 

, ..,..., " ''" ,._, .,, n,vn ,_....,, ~..., ...,,.,H,u r·1,.,......, t. v :::, 11 ,,._, c.A 1 n uU 11\il. 
MACHINE & FORMS. 00 NOT USE DEVICES THAT 

A 
H~D rem, iRl- ,'lf! ITI~~ AT G\lTTER ND ~QINT~;'.l - - ' e -RECUlRE ANCHORAGES THAT P[NETRr,E ASP t"jALT. DOE/RL 94 76 R v 1 
f~t7c~f~J~ui ~ tEP\flri~R6WrF~~LL c"r:1~/s• 1~~is~~~r~~~TAFTER 

NO WELD NECESSARY AT 
ABUTTED ENDS Of [NDEPENDENT 
COLLECTOR GUTTERS • ENCASE 
[N CONT!NUING CONC CURBING 

CONTINUE TO OP(N DUE TO DAILY TE~PERATURE FLUCTUATIONS WITH 
/\ FLUID APPLIED ASPHALT. APPLY FLUID APPLIED ASPHALT TO CRACKS 

M EARLY IN THE t.l0 RN[NG. PLACE GE0TEXTILE OVER CURSING. APPLY FLUID 
APPLIED ASPHALT SATURATING GEOTEXTILE TO THE PO[NT WHERE THE 
GEOTEXTILE A0HERES TO THE CONCRETE CURSING 

C0, LECTOR ZONE DIMENSION 
(SEE H-2-817489 QUANTITY 
SH 1) A s C D 

S0 ~ TH END 
Jl.00 I.I J.875 M J 7.7S M 2 COLLECTOR 

BUFFER ZONE 
10.00 I.I 2.50 M COLLECTOR 1 5.00 M 2 

NORTHWEST END 
18.00 " J.00 M 2 6.00 M ,* COL LECTOR 

COL LECTORS 
23.00 " J .83 M 2 7.67 M 12 I "fH RU 6 CE & WI 

* NO COLLECTOR REOU[REO AT EAST SIDE Of NORTH 
NOTE: COLLECTOR ZONE 
WELD ANGLE Al SPLICES USING t" SUTT WELD. 
COAT HEAT AFFECTED AREA WITH 2 COATS ZINC 
RI CH COMPOUND. 

SECTI O N WATER C O LL E CTOR ELEVAT IO N ([\,m
9 

SH 
1 SCALE: HOR!Z • I :50 

VERT • 1:5 

75 mm PIPE 
(CALV STU 

ANGLE· SEE@ 

'-' 

tSO mm I 150 mm 150 mm 150 mm 

?50 mm 

STD WELDEO ELBOW • <S? -

DETAIL - CO LLE C T OR PIPE V E RT I C AL 

SCALE = 1:5 

CALV STL PVC 
75 mm PIPE (CALV STLI 

150 mm 150 mm 150 mm 

?50 mm 

RE MOVE PORTION OF 
ASPHALTIC CONCRETE 
AS REQUIRED 

DETAIL COLLECTOR PIPE 

-SC_AI..E_M_~-;5-E_R_I_A_ L __ T_R_A_N_ S _I _T_I_O_N __ +-@--H~--'2-817 48 9 SH1 

75 mm P[PE 
CALV AFTER 
FABRICAT!0N 

PIPE COUPLING 

O FF S ET © 

75 m m PIPE (PVC) 

FOR CONTINUATION 
SEE H-2-817-188- -

H- 2- 8 17 4§
1
~ SH 2 
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HORTH 

• 

~··· 

-======== 

OUT ER SHOVL0£R CF 
ORAINAC£ GRAVEL 

NtJ 7621.60 

_,., __ 

OUTER SHOULOCR CF 
ORAlNAC( GRAVEL 

N1.J~l7.50 

L 

\t!:_2 - 81 7-19-1 

¢817-19 -1 ------

~··· 

OUTER S>t<>u.OER 
Of fRAC TuREO 
BAS.Al. f LAYER 

N1J7598.1 

N1J7565.1 

., 

N IJ7~26.J Nl .37~28. 

.,; 
~ _,,_, __ 

. 
0 

~ 1.L-'....-r-1 

FRACTURED BASALT PLACEME NT 
SCALE • ! :JOO 

L 

5>11 

H-2 - 817490 
A-12 
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~ 
NORTH 

') 

; 

~ 
--...,9-( 

--,.~ L 

~, .. 

~&\ 
:::! 

~~'-'-

OUTER SHOULDER 
or GRAVEL I I 
FILTER LAYER 

.., 

~ 
0 

~ 

~ 

~ 

198.SJ 
SHOULDER 

<£ BARRr(R 

'" 

I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I~ I lg I 
I :::: I 
I 
I 
I I 
L J 

GRAVEL FILTER 
SCALE • 1 :JOO 

----

~"--

.., 

LAYER 

J8? CTYPl 

NIJ761J.9 

~17•9• 

--------- HORTH 

~192 

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

~ .. , 

----~, .. --

WATEA HYORANTS 

~ ">"""1 
l 

L 
(NC rOR UF'F'ER NEUTRON 

100mm ACO:SS TVSES 
~I SE:£ H-2-617494 

9 i. 

CLEAN FILL SIDE 

~ 
@ SECTION • ,.,.., 

H-£!1 7445 SH1 SCALE • 

El 196.0 (MIN) 

fXST GRAOC 

SCALE • 1 :600 

3 ( DO vRL-94-76, Rev. 1 

~17•9+ 

SLOPE 

H-2-817491 
A-13 

- ----
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NORT H 

INST ALL NEUTRON PROBE ACCESS TUBES AFTER 
- - PLACE'-'ENT OF LOWER SILT LAYER BY TRENCHING 

INTO SILT. 00 NOT OVER EXCAVATE INTO 
-- GE:OTEXTILE. REMOVE TEMPORARY CAPS AT 100mm 

ENCASE..,ENTS AND INSTALL TUBES IN 
-- C0NFlGURATI0N SHOWN SLOPING TUBES (-)2% IN 

--~----- ~L1E?ib~r\thi'i:!"1'i:NWR~~~ErAR:~Wo~Ei}ERLINE 
,,....~---- TUBE SHALL BE "'INIMUM 150 mm ABOVE GEOTEXTILL 

BACKFILL TRENCHES AND TILL SILT TO LOOSEN AREAS 
C0.,PACTEO BY ACTIVITIES. DO NOT TILL WlrHIN 
2 METERS OF SIDESL0PE 

IJI 

PLACE LOWER SILT LAYER V 
IN A SINGLE Llf"T BY 
DUMPING OVER WEST LEAD 
EOG£ AND SHAPING BY 
BULLDOZER - 00 NOT DRIVE 
RUBBER TIRED VOHCLES 
OVER SILT LAYERS 

~-2_%_ 

199.65 
TOE 

WEST EDGE 
OF LOW(R 
SI LT LAYER 

'" 
WEST INNER 
LEAD EDGE 
(SAND FIL TERJ 

IM 

LOWE R SILT LA YER 
SCALE • 1 :JOO 

199.65 
TOE 

~ 
~ 

~ 

"' .., 
~ 

1r 
0, 

L 
~ 

N 
a, 

- -- -

:;; :g g; 

9 I. 

0 g 

EDGE OF UPPER 
SILT LAYER 

I I 
I I 
I I 
I I 
I I 
I 
I 
I I 
LJ 

:< 

UPPER SILT (ADMIX) LA YER 
SCALE • 1 :JOO 

r ,) 9 9 do E/ RL-94-7 6, Rev . 1 

IL 
0, 

L 
"' 

N 
0, "' ;' 

~ ;;l 

H-2-817492 
A-14 
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.. 
; 

) 

, 

N 1 37689.0XX 

NO RTH 

5.5 M WIDE GRAVELED 
ROAD - SEE PROFILE 
ON H-2-817496 

N1377DD.OXX 

~ .. , 

-~ 

TYP£ "A" SIGN • 
owe H-2-a 1 7<96 
(T'rP 20) ----~ 

l!JJ 

FOR corHINUATION SEE H- 2- 8 17<93 SH2 

STA 0+00 
f!ELD VERIFY 'f_ EXST ROAO 

EXISTING 20' PAVED ROAO (12th STREET! 

-( ----------------

,~,Ts,~ see "'"" :2 
OWG H-2-817496 DISPOSAL BASIN 

(T'rP 91 ~ 1/2 ACRE ~ 

-~---==----+------=-=--_-f-- ' ,,---- N137728 
,-----------------189 H~---"-=-'-""'-

!NV • 189.2 
N\37697 
E573430 

'--f----+---------11:9 

STD GALVAN!ZED STL 
END SECTION FOR 
CORRUGATED STL P!PE 

PIPE lNVERT 
EL 189.200 

POST BARRICADE 
(SEE NOTE 21 

N\37697 

C : : : : : : : ) ~I /[==: I :t:::;::::=;-,=.=:Nl=J=76=7=9:......,1-_ _J 

. .., 
~ r-- 0, 

0, 0, ~ 0, 

J 
STA 1+85.26 
ENO OF ROAD 
N\37610.B7 
E57J475.00 

FINAL TREATMENTS 
SCALE • NTS 

- - ---·----

, NcjTESJ D9E/ RL - 94-76, Rev . 1 

1. FOR GENERAL NOTES Ar-0 LEGEND SEE DRAWING H·2·817•8•. 
2. POST BARR!CAO(: COMMERCIAL GALV SIL FENCE POSTS 

T-SECHON J5mm x 35mm • 3mm x 1.8 M LONG (1 j " x 1-f' lt ¼" x 
6') MIN. SPACED APPROX 6 METERS W/STHL SINGLE JACK CHAIN 
(TRADE NO. 10 CALV.) ATTACHED TO POSTS W/W!RE CLIPS OR HOC RINGS. 
DR!VE POSTS 0.6! M INTO GROUND. 

•3. PROVIDE HOOK AND EYE FOR REPEATED CHAIN REMOVAL A I 
POSTS HAVING TYPE "8" SIGN. 

·•. INS TALL PERMANENT S~RVEY MONUµ(NT PER W5DOT µ21-01 STANDARD 
Pl.AN H-6 EXCEPT USE STANDARD BLA'I)< BRASS CAP. CAP TO HAVE 
DEEPLY ETCHED OR STAMPED IN 5mml;'i INCH! HIGH LETTERING THE 
FCLLOW[NC (THE x·s SHALL BE THE NUMBERS APPl.[CABLE TO AS BUILT 
MCNU µENT LOCATION, IN MEIERS): 

5. 

LAMBERT GR!D WA S!A TE 83 SOUTH 
NXXXXXX.XXX 
wxxxxxx.xxx 

ELEVA T[QN 
XXX.XXX MSL 

INSTALL 
MONUMENT 
SEE NOTE • 
(BY OTHERS! 

Nl 37700.DXX 

POST BARRICADE AROUND 
BARRIER (SEE NOTE 21 

LOWER NEUTRON PROBE 
ACCESS TUBES • PLACE 
GUARD POSTS SIM TO 
NOT E 5 

PROVIDE POST BARRICADE 
AROUND EASTERN HALF OF TCP 
BARRIER SURFACE FOR 
VISUAL WARNING OF STEEP 
SLOPE. • EMB£D POSTS 0.3 M INTO 
BASALT AND ANCHOR US! NG BASAL T 
ROCK 

H-2 817493 
A-15 

SH 1 



THIS PAGE IN1' TiONALLY 
LEFT BLANK 

' ' 



fOR CONTI NUATION DWG H-2-81 H9J SH1 

1 
NORTH 

-~ 

[-

E-

[-

[-

"' 0, "' "' 
0 

~ 

e: ... ., 
J: 
J: ., 
"' 
u 
> 
Q. 

C 

s 

FINAL TREA HIE NTS 
SCALE = 1:300 

100 mm (PVCI 

IRRIGATION RISE~ 
& VALVES • SEE 
H-2-817<87 SH 2 I 

PERH.<ErER 
EROSION 
BARRIER 
15cm THICK 
COMPACTED 
CRUSHED 

fBUAR[t~
1
6'.YRSEI I 

ABOUT PERl­
'-'ElER SEE 
H-2-81 H9< I 

r--. ---
' I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
LJ 

t 6M RADIUS (TYP) 

~-------- ---
SEE H-2·6 17<85 

~ 

) E/R L- 94-76, Rev . 1 

,..,_.,,____NEUTRON PROSE 
ACCESS TUBES • PLACE 
GUARD POSTS SI M TO 
NOTE 5 ON SH 1 (TYP) 

PROVIDE POST BARR I CADE 
ABOUT EASTERN HALf Of TOP 
BARR !ER SU Rf ACE fOR 
VISUAL WARNI NG OF STEEP 
SLOPE 

Ill -

N 1 J7505.0XX 

H-2 - 8 1749 3 
A-16 

SH 2 
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205 

101 

199 

' 196 

19J 

- ------~==~-

3 
. , 

) 9 

2J.J M 23.3 >J r 150mm ENCAS(U(NT I ' SEE DETAIL BELOW 

L--''-------------,.L.=-------50=..:":.....: _ _:"-.c----------------- --+-- ----- ------- -=-=--::,....:'-----'--- --c---~.._...--j ! 

10 
11 

EXST GRADE 

PER[>JETER EROSION BARRIER 
150mm COMPACTED CRUSHED SURFACING 
BASE COURSE CONTINUOUS AROUND 
PERl>JE!ER • PLACE ANO CO>JPACT 
FLAT [10mm IN I >JI 

CLEAN FILL SIOESLOPE 

(PIT RUN CRAVEL)l 

150mm ENCASE'-'ENT FOR 
NEUTRON PROBE ACCESS TUBE 
SLOPE CONST ANT 
Al (-121 EAST TO WEST 

DET AI L 
SCALE • 1:75 

NEUTRON PROBE ACCESS 
TUBE 165mm CNOI 

16 16 M 

I 50mm ENCASEMENT 

I 16M 

A SECTIO N 
H-2-81 H9J SH2 

UPPER 
SILT W/AOMIX 1.0 i,,. 

LOWER S1LT 1.0 M 

SANO FILTER 150 mm 

GRAVEL FILTER JOOmm 

NONWOVEN G£0TD<l!LE 

COMPOSITE ASPHALT 
IASPHAL TIC CONCRETE 
COATED W/FLUID 
APPllEO ASPHAL n 
150mm (MINI 

TOP COURSE 
100mm (MINI 

BASALT 1.5 M 

SANDY SOIL (STRUCTURAL! FI LL 

AFTER I NST ALLA l ION Of 

SCALE • 1:150 

ACCESS TUBE HANO PACK EACH JN SH U SOI L 
ENO Of ENC W/MIN 150 mm 
PLUG Of GROUT CTYP ALL ENCAS!:MENTSJ 

16 >J 

EXST 216-8-57 
CRIB 

16 M VERT CURVE 150mm ENCASEMENT 

DETAIL 
SCALE • 1:75 

t UPPER NEUTRON PROBE 
ACCESS TUBES - SEE 
H·2·81H9J FOR LOCATIONS 

I 

0.2 M 

~ 
150mm ENCASE>JENT 

o 0 o r, 

FRACTURED 
BASALT 

~ TOP COURSE 
0 >JA TERI AL (BASALT 

) O O S!OESLOPE ONLYI 
' ~\.., 

DETAIL UPPER NEUT RON 
PROBE AC CE SS TUBE 

ENC ASEMENT 
SCALE: NONE 

· 65mm ·. SOC PVC 
· PIPE CAP CTYR EA END) 

ST ACK CONCRETE BLOCKS 
18 x 8 < 16 C>JUI TO PROVIDE 
SUPPORT CTYPI 

Rev . 1 
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3 M 

FLU IO APPL! ED ASPHALT 
APPUED WEST J M ONLY 

10mm SST TUBCNG 
SUCTION 

~ 
PROVIDE STD TE£ 
AT ENO Of TUSING " 
WRAP IN C£01£XT!L£ , " 

I 

-I / 
I / 
~ 

10mm SST TUBING 
VENT 

71 

/ 
/ I 

10.25 M 

::, 

9 
"' 

::, 

0 
.,; 

'f. LYSIMETER 

18 M 

-==~~Nc'-:L~;:::.: :....:A:'--:1 ~:.::=fc..:E=D=---'--P..C:L:..'...A..:..:N...:___...:..A..:...:S:::.,P'--'--'H-'-A,__,L::...CT,__T.,_E::_S:=..J._T__'...P_.::.A~D~-@I-H...!.~-12·81 H9J SH 1 

-+---i-l--_-_-_-_-_-_-_-_-_- _-_-_-E FIN [ SHED GRADE 

CAST !RON MONUMENT CASE 
G£0TEXTIL£ NO. 5680 SY OLYMPIC FOUNOARY CO. 

8001 - 5·• MIN 
LAP 25mm ¢ STL CALV ROO (T" DIA) 

JOOmm 

HOSE CLAI.IP (SST) 

G£01 £XTIL£ 

SANO FILTER 

GRAVEL FILT ER 

100mm CALV SI L PIPE 
till W/GRAV£L FILTER MAT ERIAL 

FRACTURED BASALT 

DRAINAGE GRAVEL 

ASPHAl TIC CONCRETE 

(.J) 25mm x 200 mm SO 
COI.IPRESSABLE WASHERS • FAS 
FROM STYROFOAI.I BOARD 

150mm CURS 

ENL ARG ED 
SCALE: HON£ 

DRAINAGE GRAVEL 

GEOTEXTILE 
CUSHION 

GEOTEXTILE 
CUSHION NOT£: MAINTAIN POST PLU!.18 

WrTH!N 1 Cl.UMET£R DURING ALL 
CONSTRUCTION ACTJV[T!£S COMPACTED SANDY SOIL 

DE TAIL 
SUBSI DE NCE POST SCALE; NONE 

SCALE: NONE © 

9 

FOLD ALONG 
FOLD LlNES 
TO CONFORM 
TO DEPRESSION 

- ---- ~-~----=-

' 
6.5 M SOIJARE 

' . 
DO.f?/RL- 94-76 Rev . 1 

' 

/ 

PLAN - GEOMEMBRANE PAN LYSI METER (UNFOLDED) PLAN - GEOMEMB RAN E PAN LYSIMETER (FO LDED) 
SCALE: 1:50 

14.3 M 
0.6 M 

'f. BARRI ER 

PLA N - S UBSID ENC E 

100mm 
COI.IPACTEO 
CRUSHED 
SURFACING 
(TOP COURSE) 

SUBSIDENCE 
POST · S1:E@ 

:,; 
.., 
0 

0.6 I.I 

ZONE@ 

COLLECTOR GUTTER 

2 M 
TYP 

POSTS ffi . 
\.!£.faiH~9 SH 1 ' 

ASPHAL TIC 
CONCRETE 

CEOME'-BRANE 

SST TUBING 
SUCTION & VENT 

SCALE: 1 :50 

( 

150mm ASPHALT 
CONCRET E PAVEMENT 
(NO FLUID APPLIED 
ASPHALT! 

6.5 M 

100mm 
COI.IPAC TED 
CRUSHED 
SURFACING 
(TOP COURSE) 

PLAS TIC HANOHOL£ 
SERIES 17JO BY UHLITY 
VAULT CO. 

1/ 
PROVIDE UPWARD TURNED <5? ELBOW, 
THREADED f!TH NC ANO 
THR£AOEO CAP AT (NO OF 
TUBING. TAG OR ETCH TUB ING 
TO IO£NHfY SUCl!ON & VENT 

ASPHAL TIC 
CONCRETE 

COMPACTED 
SAND OR 
ASPHALT IC 
CONCRETE 

fill AROUND TUSING 
W / ASPHALT CRACK 
SEALANT 

FOR!, D£PR£SSIDN 
IN GEO!,EI.IBRANES 

10mm (f'' ) x 1.65mm TYPE JO< L 
SST TUSING LYSIMET£R SUCTION AND VENT 

....,~c,.E~L~~- -'--\-=~~~-c,~-'-
1
~,so- =L-'--Y-=S-=Ic:..;M..:...:E=-T:....:E=Rc...:._(£\ 

VERT 1:25 8 

GEOSYNTH£TIC O.AY LINER 

SURFACING 

-CO'-PACT£0 SANDY SOIL 

-=D::...=:E...:T...:Ac...:..,::I:ccL=-_-+ffi-_~"-R-lCOI.IPACTED C!ll.lSHED SURf ACING 

SCAL E: NONE 8 

H-2-8 17495 
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202 

200 

198 

196 

19< 

192 

190 

188 

65mm CNO NEUT RON PROBE 
ACCESS TUBE ITYPl 

EL l95 <O 

RECHARGE WATER 
COLLECTION PIPES 

PVC PIPE = CAP ITYPl 

~-::::;.~~~-=-~_jiJI!:!_NVY._TLJElL_1!J9LlJc;.JQJ 
~ 

__Jf\_.TYP O. 5 0 M - l~ EL 192.JJ 

s SECTION 
\_ 1 M x 1 " X 10 CM 

CONCRETE COLLAR ITYPl 

H-2-817488 SH 1 SCALE: HORIZ 1:300 
VERT 1:30 

N1J77!I0.5 .lPPROX 
1:; (XST PAV(O ROAD 

(11th STR(ET) 

u 
> 
~ 

~ . ; 0 

< 
d ~ 

I 
I 

7i e'i 
'3 V :::, 
0 
:,: 
V1 

,-. / V1 

I;; 
r 

~ ;! ' < ' ::, 

7 0 
< 
0 

/ "' z 
0 
'-" V a, 

,,, 

I 
0 

1/ ~ ,, 
__..,,..Y 

L,----' 
~ ~ 

~ -
[d 

20' . 
VEATtCAl 

CURV£ 

~ 
0+00 0, ., 

~ 

a..., 
>w 

20 U 
V£RTJCJ.l 

CURvt 

0 +50 1+00 1+50 

GRAVEL SINGLE LANE ROAD PROFILE 
SCALE • 1:600 HORIZONTAL 

1 :60 VERTICAL 

(STATIONING ANO ELEVAT[ONS IN METERS) 

u 
> 

= a 

SI ~ 
~ 
d a 

y 

e u 
> s--N ~ 

d 

"' " VtJUICAL 
C\JRV( 

5 mm -
HOLE (T'Yl'l 

<fOmm HIGH 
LETTERING 

( 
I (+l1.3J% 

2+00 

- -+- -+-- 40 mm MIN (TYP) 

AUTHORIZED 
PERSONNEL 

ONLY 
0 

9 

NOTES: 
1. FABRICATE S[GN PER WSOOT "' 1· 10 SECTION 9-28.2. 

2. LETTERS IN ACCORDANCE W!TH llSOOT STANOARO HIGHWAY SIG.'<$ 
MANUAL. STANDARD ALPHABET , ALL CAPS. 

J. ATTACH TO FENCE . POSTS WtrH NO. 8·J2 ZINC-PLAT(O 
STEEL THREAO cutrJNG SCREWS _(OR BOLTS} ANO WASHER. 

<. PLACE ONE T'Yl'E A S[G.~ ON £\/£RY 5TH FENCE POST ABOUT 
BARRICAOE. 

t------~•60~~m~m~ ___ _j 
ENVIRONMENTAL 

TEST SITE 
UNAUTHORIZED 

ENTRY MAY 
IMPAIR THE 
VALIDITY OF 

TESTS 

202 

200 

198 

196 

19< 

192 

190 

188 

" CUNT ON POS T BARRICADE 
POSTS - SEE NOTE < 

DET TYPE A SIGN 
SCALE • 1: < 

NOTE: 
LETTERS - BLACK (NON-REFLI 
BACKGROUND - WH!T£ iREFcI 

CRADE 

50 mm LEVEUNC 
COURSE (TOP 
COURSE) 

0.75 M 
MIN 

5.5 M 

NOTE: 

50 mm CRUSHED 
GRAVEL SURFACING 
(TOP COURSE! 

J 
~1 

LEVELING COURSE ANO CRUSHED 
SURF ACING MAY 8£ APPLIED AS 
A SINGLE 100 mm LlfT OF 
CRUSHED SURFACING TOP COURSE 

GRAVEL SURFACED SINGLE LANE 
PATROL OR SERVICE ROAD 
SCALE: NONE 

HEIGHT 
SLOP£ 

HEIGHT 
OF CUT o, cur 

0 TO 1.5 ~ ~ : 1 0 TO J M 

3 : 1 J M TO 6 " 

OVER 1.5 " 2 : 1 OVER 6 " 

SLOPE CHART 

0 

610 mm 

MOUNT ON POST BARRICADE 
POSTS OR !NO[VIOUAL FENCE 
POST WHERE SHOWN - SEE 
owe H-2 -a17•9J SHJ 

DET TYPE 8 SIGN (4 PLS ON LY) 
SCAL E • 1 :< 

NOTE: 
LETTERS - BLACK (NON- REF~l 
BACKGROUND - WHITE (REFL! 
T'YI' 2 EACH 

GRAD( 

520 mm 

0.65 M 
MIN 

Rev. 1 

H-2-817496 
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: 

... 
) 

~ ~ 
t'.l 

NORTH 

r 
f---

N1J7743 

N1J7700 

NI 37600 

---------

NEW POLE 

SH 2 
NEW POLE 

~I 

NEW POLE~ j 
~- /): 

FIRE HYDRANT------------- CI 

§ 
§ 

SITE PLAN 

------------------1 
12TH STR~rJ ~ 
------ ---------/ 

---Nl~ 

WATER orsPoSAL 
~ 

VALVE P[T 

--- [ RR[ GATI ON 
R[SER. SEE 
H-2-8174 87, 
SH 1 

CT!ON ~ 
oOX 

SCALE: 1 •500 (METRIC) 

I 

STRINGING SAG & TENSION CHART 
RULING SPAN LENGTH= 203 FEET 

AMBIENT TEMPERATURE "F 

o• 15• JO" 45• 60' 75• 90" 105 120· 

SAG(nl J .1 J.4 J.6 J.9 4.1 4.J 4.5 4.8 5.0 

I TENSION (LS) 1JJ 123 115 108 101 96 92 88 84 

PANELSOARD "8" 

N 

GFCI 

FASTEN WITH 
J/B" SOLT MIN 
(TYPI----~ 

LEGS 54 

' -~.:.•- .. 

1'-0" O[A 

MIN 

~ N[C 

~ 
'V 

VALVE ACTUATOR 

ELEMENTARY DIAGRAM 
IRRIGATION CONTROL 

I, . 
• ,j 

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

Rev . 1 

(4 PL , CESJ 
/

r-------,-- FASTEN W/ 1/ 4" SCREW M[N 

AS REO'O 

I 

~"~j SEE DETA[L 8 

CD ~T~T AIL 
(LOOKING WEST) 

l •6. 1 '10 CNO 
l/4"C 

PLACES! 

•12 GNO, 

~---+-<"---5 1112, 1 1tl2 GNO, 

NOTES: 

l/2'"C 

t;il 1 t12 GNO, 

GRADE 

! 
l l 
1 1 

~ 
6'-o" 

MIN 

1. SEE SHEET 3 FOR PARTS LIST. 

2. S£E CONSTRUCTION SPECIFICA T!ON W-26J-C2 FOR 
MATERIAL OESCRIPrION ANO [NSTALLATION I NSTRUCTIONS, 

J . ASSREVIATIONS ARE P!:R ASME Yl.1-1989. 

4. T>IE USTING Of MATERIALS ON TH[S ORAW[NG OOES 
tlOT REUEVE THE CONTRACTOR FROM PROVIDING ALL 
MATERIALS NECESSARY FOR A COMPLETE ANO ACCEPT ASL( 
[/SST ALLA TION . 

H-2-817497 
A-20 
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SPAN GUY, SEE ,,,,,., 
OETA[L 3~ 

EB ELEVATION 

4'-0" 

APPROX 30'·8" 
ABOVE EXST GRAD£ 

@DETAIL 

1'-0" 1,HN 

1'·0" MAX 

ANGLE 

CONCRETE CONE ANCHOR, 
SEE DET 5 

(T'I'?) 2 

@ DET AIL 

45' WOOD POLE 

SEE ELEVATION " A" 
FOR LOCATION ON 
POLE 

EXST POLE 

2 PLACES! 

1 • [n-P 3 Pl.ACES~ 

/ ...-(15) (T'I'? 2 

@DE TAIL 
1 

SEE ELEVATION 8, SH 3 
FOR LOCATION ON 
POLE------. 

10' -0" 
@!TYP! 

@!TYP!___,,.-

® CONCRETE CONE ANCHOR, 
SEE DET 5 

®DETAIL 
3 

PLACES! 

I 

ffi4] 
&i"' 

I CD D ET_A . .!..cI"'-'L=----

CONCRETE ANCHOR MINIMUM 
COMPRESSiON STRENGTH: 
3000 PSI A f 28 DAYS: 
AGGREGATE: 3/4" '4AXIMUM 

G 

A D[STRISU TION SECONDARY 

i 1 :""' '"" .. 
i i '4ETER 
A B N C 

PULSE INITATOR 
OUTPUT VIA TEL 
srsTrn 

'L c- } i I L ---N-- TO SERVICE 
L._ ___ 9__ O[SCONNECf 

----A - -

METER WIRING DIAGRAM 

NIC 

rLAl 
- 1-w-

/13 8 K\' UNE C8·L7 

t> ;~~~A (J~25 KVAI 

8 
~i. 13 8 KV-4SOY/277V, JPH 

- - -- --
~NELBOARD .. ;::- ) IOOAF I .;SOY/2 77V, JPH, 4W I IOOAT 7 

J I ,p I 'P I 2P 1 3? I JP I JP 

L 1) 1-::; f •;::;;_ [ I~ ~'; 7 as=rn """ 

100A RCPT 
SNOW MACH 

2OA RCPT 
[RRIGAT!ON 

SYSTE'4 
I 

I-' Xff.lA I LM!Nl· POWER v._L 15KVA CENTER 

I ~ 
.. A•a

1

0Nv-120L ,P_H _ 

M - -PANELBOARD ~ ---i I CB 12O/24OV, lPH, 3W j 

I 2P 12P I 1 p I Ip I [ 'p ( I 
~ I __ ),,, (~ I) m, ( ,,~_t~ 

~ b ~LA 6.£1 
50A RCPT 20A RCPT !RRIGA TION 

JP, •W: JP, •W DUPLEX CONVENIENCE VALVE 
OUTLETS CONTROL 

ONE LI NE DIAGRAM 

NOTE: SEE SHEET 3 FOR PARTS LIST 

H- 2 8 17497 SH 
A-21 
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r 

L 

CT'YP J Pl.ACES! • 
CTYP 3 Pl.ACES! 2 

')j/ 

(TYP 3 

J 

6211J,---~r~,l 

~ 

~;;;,~;j" 
~ r..,r.J"t---1-H--,.l--'ln .....__ 

u I / I ---xrMR TANK 
., I/ ~~yNo Luc 

PLACES'/'j" / - --
•~ ~ -L@ <TYPI 

lJ~ 5 

CTYPI <I J 
10 

I 

I 
I :=,--@)ITYPl 

I 
' HICH VOLT AGE GND 

I 

I ' LOW VOLT AGE GND 

I y-<B 
I 

I 

' I 
~---~ 

l 
1'-0" (MIN T,:?I 

1 1 

I 

I 
5 

I 

I 10·-o" MIN 

_...l._ 

6'-0" MIN 20'-Q" MIN 6'-o'' MIN 

CD ELEVATION 

DOWN CUY, SEE 
DETAIL •, SH 2 

I ;-@(TYP 

19 (TYP 

:-------

~~ ,, ~ ""'l:9 (~ 
OO<TYP J Pl.ACES! ----i:::--1--, J JJ.._A O (TYP 

, t -----@ ITYP 

r~~ 
1" 

l 
~· 

CD ELEVATION 

J PLACES! 

@ T 
1 

-

19 CTYP 3 PLACES! ,~ '"""" Jb r! l~ 16 17 18 ITYP 3 PLACES! 
ffif 

3 PLACES) 

J FLACESI 

J PLACES! 

3 PLACES! 

~~=== ~ (:) J,~ ~ (TYP 2 PLACES! 

l-OCWN GUY 

CD PLAN 

LENGTH AS REC'D 

f r~~B~~UIT 
~----~.~. SOOY --- --

·- -
·-'----r---,--_J-

3 '12. 1 ,12 GND, ~L----" 
1"c ------'--++-"Tl 

l,_---f" r 
I I 

[)@ 
,-

'-.. ,..,,.,.,. ----t-..-2 11 2. 

', ; ;' . 

u ; ·· · ·~ 

I 

I 
1'-0" DIA · 1 

1-IN 

~!~ .. ~v 
TO MINI 
PWR CTR 

~N~ 1 2 . / GRADE 

/CONCRETE 
/ BASE (TYPJ 

,, 
'1 

l 
I 
- .. 
• J •J 

PT • DESCR (Pf!ON 
TRANSfORMER, 25 KVA, I J .8KV - 277V 
CROSSARM, WOOO<SOLIOI. 8' -0" x •- 5/8" x J-5/8" W/•· 11 /16" PIN 
HOLES. REA M19, T'YP[ OJ. 
WOOO POLE. CL.•SS 2. •O FT. LENGTH 
BRACE. CROSSARM, fLAT, GALVANIZED STEEL JO" x 1/•" , 1- 1/•" 
W/ 7/16" & 9/16 l,IQUNTINC HOLES (PAIRJ 

Rev. 1 

TRIPLE H.<NctR BRACKET, 12" ANO 2•" SPACING 
BOLT , CARRIAGE, 3/8"·1 6UNC·2A- ~x-'c5''""' ""W.,-/"'.'NccUc'=T~~-----------1 

10 
11 

12 
lJ 

15 

16 
17 

18 
19 
20 
21 
22 
23 

25 
26 
27 

28 
29 
JO 
31 
32 
JJ 

35 
36 
37 

J8 
Jg 

•0 

• I 

H 

<6 

•8 
49 
50 
51 

52 

SJ 

55 
56 
57 
58 

59 

60 

61 

62 

6J 

65 

66 

WASHER, ROUND, I " 0 .0. x 1-4 CA x 7/16" DIA HOLE 
NUT , >Af 

0

I.OCK, SOVARE J/8"·16UNC-28 
CON OU IT GROUND CUMP 
RIGID STEEL CONDUIT, 1-1/2" 
WEATHERHEAD fOR 1 • 1 /2" CONOU [T 

BOLT, OOUBLE·ARf.AING, 5/8" DIA. W/• NUTS, LENGTH TO SUIT 
WASHER, SQUARE, 2-1/4" x 3/16" rHK x 11 / 16" 0 1A HOLE 

INSULATOR, PIN TYPE 'f' NECK, 15 KV PORCELAIN, 1" THREAD PER 
ANSI 55·5, W/RAOIO NOISE fREE GLAZE 
PIN fOR INSULA TOR, FORGED STEEL. 1" LEAD THREAD WITH 5/8" 
SHANK , 12· 1/2" LC 
srANDARD EYE NUT, 5/8" 
INSULATOR. DEADEN• TYPE , 15KV , EPOXY STEEL COMPOSITE, LEAKAGE 
DISTANCE 16 IN .• 15,000 LB. TENSILE STRENGTH 
STRAIN CLAMP, FORGED STEEL. GALVANIZED 
CONDUCTOR, BAR[ 7 STRAND •6 AWC f.AEOIUM HARO DRAWN COPPER 
STRAIGHT THIMBLE [ YE BOLT, 5/8" x LENGTH AS R[OUIREO W/NUT 
CURVED WASHER J" , J' x 1/C 11/16" DIA HOLE 
PREfORMED GUY GRIP OR J INCH, J SOLT GUY CLAMP 
!NSULMOR, GUY STRA[N, PORCELAIN, 20,000 LB. TENSILE STRENGTH 
PER ANSI 5•·• 
GUY CABLE. 7 srRANO 7/16" SEIMENS-MARTIN 
ANGLE THIMBLE EYE BOLT, 5/8" x LENGTH AS REQU I RED 
THIMBLE EYE NUT , 5/ 8" 
LOAD PLATE, CURVED, 2-1/2" t ]" x J/16" W/ 9/16" l< 11/16" 
HOLES 
LAG SCREW, 1/2" , 5" LONG 
PLASTIC GUY GUARD, YELLOW, 8' x 1-1 /2" FULL ROUND 
ANCHOR ROD, OCUBLE THIMBLE EYE, J/<" x 9'-0" LONG 
GUY ANCHOR, CONCRETE CONE, SEE DETAIL 5 
GUYING SiUB POLE, JS FOOT, CLASS 3 
PIPE sm,.P, ONE HO\.E MALLEABLE IRON W!TH BACK SPACER 
GROUND ROD, CQPPERCLAD STEEL, 5/8" DIA , 8' ·0" LONG 
POLE roP PIN. PRESSED STEEL, 1" OJA LEAO, 20" LENGTH 
MACHINE BOLT. 5/8", LENGTH AS REOO CWJrH NUTJ 
S:ANDOff PIN, LAC SCREW TY?(. FORGED STEEL, HOT DIP 
GALVANIZED, 5/8" DIA SHANK, 1" OJA LEAD 
HOTLINE 6AIL CLAMP, fOR 2/0 ACSR 
HOTLINE CLAMP. ~RONZE, FOR J6 AWC COPPER 
GROUND ROD ;; C.:ABLE CLAMP, COPPER, COMPRESS[ON TYPE or 
EXOTHERMIC WELO 
SPLIT BOLT CONNECTOR FOR COPPER GROUND WIRES 
HOTLINE oAIL CLAMP, f OR • 6 AWG COPPER 
DI STRIBUTION POWER fUSEHOLOER 1<.< KVA 
LIGHTNING ARRESTOR, 15 KV 
CUTOUT/ARRESTOR BRACKET 
FUSE, UNrT CURRENT RATING 5(. '' · -' KV 
POWER CONDUCTOR. 600 VOLT , JI AWG COPPER. TYPE THWN INSUL 
GROUND V/IRE, •• AWG !NSULA TED COPPER CONDUCTOR 
METER ENCLOSURE, 600 VOLT, OUTOCOR 
KW HOUR METER 
PANELBOARO, •80/277 VOLT, 100 AMP, 18 CIRCUIT, WITH 100 A '-'AIN 
CIRCUIT BREAKER. NOIA JR 
MINl·POWER CENTER, OUTDOOR PACKAGED POWER SUPPLY, 15 KVA. 
120/2 •0 VOL TS AC 
FRAMING CHANNEL, 1· 5/8" x 1· 5/8" GALVANIZED STEEL 
DOUBLE f~AM ING CHANNEL. J-1 / •". x 1-5/8" GALVAN !ZED STEEL 
WOOD POLE, CLASS J, <O FT. LENGTH 
PVC COATED RIGID sr[EL CONDUIT , 1-1/2" 
TRAfflC GUARD POST. (1-ATCH EXISTING POSTS AT FIRE HYORANTJ 
DUPLEX Ri:CEPTACL[, SP[Clf!CAT ION GRADE, 20 AMP, 125V, 2 POLE, 
J WIRE Gil:JUNOING. NEM A CONF!G 5·20R. GfCI 
RAINTITE OUTLET ENCLOSURE, INDUSTRIAL GRADE, TAYMAC CORP 
CAT NO. 20.3 1 0 OR EQUAL 

SINGLE G.ING TYPE rs OUTL(T SOX 

SINGLE RECEPTACLE, 20 AMP, 125/250¥, 3 POLE. • 'N!RE GROUNDING, 
NEMA CONflG I <-20R 
RAINTITE OUTL(T ENClOSURE. INDUSTRIAL GRADE, TAYMAC CORP 
CAT NO. JQJ 10 OR EQUAL 
SINGLE RECEPTACLE, 50 AMP, l25/250V, J POLE, • WIRE GROUNOINC, 
NEMA CCNFIG 1<-SOR WITH WEATHERPROOF BOX AND Lin LIO COVER 

TWO GANG TYPE rs OUTLET BOX 

RECEPrACL(, WATERTIGHT, 20 AMP, •80V, J POLE, • WIRE WITH 15" 
ANGLE BACK BOX. HUBBELL CAT NO. •20R7W OR EQUAL. FURN ! SH 
WITH 1-Al!NG PLUG, KELLE1"S STRAIN RELIEF GRIP, AND 300 FEET Of 
.; CONDUCTOR 112 AWG, 600V, TYPE SO POWER CORD. 
RECEPTACLf. 100 AMP, 600V, 3 WIRE. • POLE WI TH SAC,< BOX, ANGLE 
ADAPTER ANO SPRING COOR. WP, CROUSE-HINDS CAT NO. AREA 10•25 OR 
EQUAL. 

! 67 ~b¼m ~~~t'fu~Nt~l~ft H1t5Ji1~/~t5c 3 WIRE GROUNDING, NEMA 

68 PVC COArED RIGID STEEL CONDUIT, 3/•" 
f--6-9-+_J_U_NC_T_IO_N_BO_X_12_"_X_l 2.,."-6' ... ' -G-A-LV_A_N_I_ZE_D_ST_E_E_L_W_/SCREW ___ G_A_S_K_ET_E_•- ---l 

COVER, N(MA 3 

H-2-817497 SH 
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