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1.0 INTRODUCTION 

• Millennium Science and Engineering, Inc. (MSE) has been contracted by the United States 
Department of Agriculture, Forest Service (Forest Service) to complete a Removal Action (RA) 
at the Rainy Mine in the Mt. Baker-Snoqualmie National Forest.  

• This document describes the RA design, activities, project schedule and key personnel, 
confirmation sampling, quality assurance/quality control, and post-removal monitoring.  
o A site-specific Health and Safety Plan (HASP) is included as Appendix A. 
o Field forms are provided in Appendix B. 
o Specifications are provided in Appendix C. 
o Vendor materials are provided in Appendix D. 
o The Post-Removal Monitoring and Operations & Maintenance (O&M) Plan is provided in 

Appendix E. 
 
1.1 Site Description  

• The Rainy Mine is an inactive copper mine located about 12 miles northeast of North Bend, 
Washington.  Site features are shown on Sheets 1 and 2 and include: 
o An open vertical shaft; 
o An open adit with discharge and several apparent collapsed features; 
o Two waste rock piles; and  
o Concrete mill foundation and miscellaneous debris. 

• The Site is located along a steep, heavily forested slope adjacent to Quartz Creek at an elevation 
of about 1,800 feet.  Quartz Creek, is a tributary to the Taylor River, which flows into the Middle 
Fork Snoqualmie River.   

• The Site is divided into two zones, east and west, separated by a distance of about 400 feet.   
o The east zone consists of: 

− An open vertical shaft; 
− Winze; 
− Concrete mill foundation; 
− Miscellaneous debris including an aboveground storage tank (AST) and corrugated metal 

sheets; 
− A large waste rock pile (WR-1) containing approximately 2,000 bank cubic yards (bcy) 

of fine- to coarse-grained material; and  
− Two seeps that flow from the toe of the waste rock pile and form a marshy area that 

eventually drains to Quartz Creek. Metal precipitates and tailings are visible in the seeps 
and marshy area.   

o The west zone is upstream of the east zone and consists of: 
− An open adit, and  
− One small waste rock pile (WR-2) containing approximately 25 bcy of fine- to coarse-

grained material.    
o Other than waste rock and tailings, there are reportedly no other hazardous materials at the 

Site.   
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1.2 Purpose and Objectives 
 

• The purpose of this RA is to address human health and ecological hazards at the Site that were 
identified in the Site Inspection (SI) prepared by Cascade Earth Sciences (CES) in 2005, 
streamlined human health and ecological risk assessment completed by MSE in 2006, and the 
Engineering Evaluation/Cost Analysis (EE/CA) prepared by MSE in 2008.   
o Results of samples collected during the SI indicated concentrations of several metals were 

above state and federal risk-screening levels in the background soil, mine waste, sediment, 
pore water, and surface water.  
− The most notable exceedances included arsenic, copper, and silver.   
− The results also indicated a high potential for acid generation in soil and mine waste at 

the Site.   
− Surface water, pore water, and sediment sample results indicated an impact to Quartz 

Creek, particularly from arsenic concentrations in the seeps.   
− The SI concluded there was evidence of a release of hazardous substances to soil and 

surface water at the Site. 
o The streamlined risk assessment indicated significant potential risk to both human and 

ecological receptors at the Site from exposure to high concentrations of arsenic and metals in 
the mine waste, soil, sediment, and surface water.   

o Mine waste and sediment at the seeps contain high concentrations of metals and are the 
primary contaminant sources at the Site.  Fine-grained materials (i.e., sediment) that may 
have been deposited in, or migrated to, Quartz Creek is considered a secondary contaminant 
source.  Surface and groundwater flowing through the mine waste are also considered 
secondary contaminant sources because impairments to surface water quality at the Site result 
from direct contact with the mine waste.   
− Removal of the primary contaminant sources (i.e. mine waste and seep sediments) should 

eliminate surface water quality impairments and metals loading to Quartz Creek and 
significantly improve water quality.  Therefore, the RA focuses on addressing the mine 
waste; treatment of the seeps and surface water at the Site was not included in the 
removal scope.   

− Sediment that has migrated to Quartz Creek was also eliminated from the removal scope 
because it does not pose a significant human health risk, is generally consistent with 
background, and an in-stream removal would result in significant collateral damage to the 
stream channel.   

• Objectives of this RA are to:  
o Eliminate potential exposure pathways to mine waste and soil containing high concentrations 

of arsenic and metals,  
o Minimize offsite transport of contaminated soil and sediment to surface water,  
o Improve surface water quality, and 
o Mitigate physical hazards at the Site. 

 



Rainy Mine 
Removal Action Work Plan  Page 3  
 

1.3 Cleanup Levels 
 

• Risk-based cleanup levels were initially developed for soil and sediment at the Site during the 
streamlined risk assessment (MSE 2006). 
o Arsenic is the only contaminant that exceeded the risk-based cleanup levels; however, results 

of additional background soil samples collected during the pre-removal inspection indicated 
that background soil arsenic concentrations exceed the risk-based cleanup level.  The results 
were combined with results of samples collected during the SI to compute the 90 percent 
upper confidence limit (UCL90) concentration for arsenic in background soils (MSE 2011).  
− Soil risk-based arsenic cleanup level = 33 milligram per kilogram (mg/kg) and sediment 

risk-based arsenic cleanup level = 132 mg/kg 
− Background soil arsenic average concentration = 41.7 mg/kg and UCL90 concentration = 

103 mg/kg 
− Soil arsenic cleanup level = 103 mg/kg (background UCL90 concentration) (MSE 2011) 
− Sediment arsenic cleanup level = 132 mg/kg (risk-based cleanup level) 

• Five areas exceeded the arsenic cleanup levels (Table 1): 
o Waste rock pile WR-1 in the east zone,  
o Waste rock pile WR-2 in the west zone,  
o Soil around the mill foundation, 
o Sediment from the west seep, and  
o Sediment from the east seep. 

 
Table 1. Areas Exceeding Cleanup Levels 

Media Area COI 

Cleanup 
Level 

(mg/kg) 

Maximum 
Detected 

Concentration 
(mg/kg) 

Estimated 
Volume 

(bcy) 

Soil/Waste Rock 
Soil around mill foundation 

Arsenic 103 
299 25 

Waste rock pile WR-1 222 2,000 
Waste rock pile WR-2 15,800 25 

Sediment Sediment at west seep Arsenic 132 179 80 
Sediment at east seep 205 20 

Total Estimated Waste Volume = 2,150 
Notes: 
  COI = Contaminant of interest 
  bcy = Bank cubic yard 
  mg/kg = Milligram per kilogram 
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1.4 Schedule and Key Personnel 
 

• The RA is scheduled for 2011; however, a specific start date has not been determined.  The RA is 
anticipated to take approximately 40 days to complete, including road repairs and the Mabey 
Bridge removal.  The original schedule for 2010, which assumed RA activities would begin in 
mid September, has been modified and is summarized below and can be adjusted to fit alternative 
2011 date as needed: 
o Mobilization: 8/22 – 8/26, 
o Access road repair: 8/28  – 9/3, 
o Equipment staging, site preparation, and placement of storm water/erosion control best 

management practices (BMP): 9/4 – 9/6 
o Repository preparation: 9/7 – 9/13 
o Debris removal and mine waste excavation: 9/14 – 9/24 
o Repository cover installation and planting: 9/25 – 10/1 
o Site reclamation: 10/2 – 10/9 
o Final inspection: 10/10 
o Mabey Bridge Removal: 10/11 – 10/13 

• The project team will consist of the following: 
o Bob Lambeth, P.E., MSE Project Manager/Project Engineer 
o Richard Kelsey, P.E., MSE Technical Director and Quality Assurance/Quality Control 

(QA/QC) Manager 
o Sam Orr, Orr Excavation Construction Manager 
o Orr Excavation, various equipment operators and laborers 

• All field personnel in contact with mine waste will be qualified for working at mine sites:   
o Successful completion of a 40–hour training program as required by 29 CFR 1910.120. 
o Successful completion of an 8–hour refresher training course, provided the 40–hour training 

occurred over 12 months ago. 
o Successful completion of Hazard Communication training in accordance with the MSE 

Safety and Health Manual. 
o Enrolled in MSE's Medical Surveillance Program, which requires baseline and annual 

examinations by a licensed physician.   
• Forest Service project personnel include: 

o Rod Lentz, On-Scene Coordinator (OSC) 
 

2.0 REMOVAL ACTION ACTIVITIES 

• RA activities are based on the EE/CA recommended alternative (MSE 2008) and results of pre-
removal site inspection activities at the Site by MSE in June and October 2010. 

• Material quantities are gross estimates from the EE/CA (MSE 2008).   
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• RA activities will consist of: 
o Improving 2 miles of FR 5640 by removing obstructions, widening the road, grading, and 

placing road base material where needed; 
o Clearing 2,000 feet of the existing Site spur road, cutting in a new section of road to avoid the 

ravine, and placing road base where needed; 
o Demolishing the concrete mill foundation; 
o Excavating up to 2,150 bcy of waste rock, contaminated soil and sediment with arsenic 

concentrations above the cleanup levels (Table 1); 
o Constructing a repository to dispose of the mine waste and concrete in the location shown on 

Sheet 1; 
o Mitigating physical hazards by backfilling the open shaft with ~150 loose cubic yards (lcy) of 

waste rock, and installing a bat gate in the open adit; 
o Removing the AST and about 20 lcy of miscellaneous debris from the mill site and 

surrounding hillside, and hauling off site to the Cedar Falls solid waste drop box for disposal 
at the Cedar Hills Regional Landfill; and 

o Reclaiming the disturbed areas and mine spur road. 
• The repository design, shown in Sheets 3 through 5 may be subject to field fit and modification in 

consultation with the Forest Service OSC.   
• Any significant modifications to the RA activities described in this work plan and all “field 

engineering” will be discussed with the Forest Service OSC prior to implementation. 
• Potential areas of concern or uncertainties that may affect the Removal Action were identified 

during the final design and pre-removal inspections, and include: 
o Shallow bedrock in the repository area may limit excavation depth.   

- If the depth shown on the drawings cannot be achieved, the footprint will increase and 
more liner and cover soil could be required.   

- A shallow excavation would also limit the volume of soil that could be used in the 
repository cover. The abundance of root wads, downfall, and a thick layer of duff in the 
repository area may also limit the volume of cover soil available within the repository 
footprint.  A secondary borrow or off-site cover soil source should be identified. 

- Several test pits will be excavated in the repository area during the initial stages of the 
Removal Action to determine whether: (1) the design depth can be achieved, and (2) 
whether there is sufficient cover soil available within the repository footprint. 

o It may be difficult and time consuming to salvage enough Salmon Berry root stems to cover 
the final repository and disturbed areas on a 5-foot grid. 
- Planting on a 5-foot grid over the finished repository and reclaimed mine areas will 

require approximately 1,000 plant stems.    
- Excessive rock and shallow soil on the mine spur road where much of the Salmon Berry 

grows will make it difficult to extract the root stems without irreparably damaging the 
plants.   

- The contractor will be instructed to take reasonable measures to salvage as many plants 
as possible; however, a secondary source or alternative revegetation method should be 
identified by the Forest Service. 

o The estimated amount of contaminated sediment (100 bcy) around the two seeps may be low. 
- Observations during the pre-removal inspection indicate that tailings and/or contaminated 

sediment may be present throughout the marshy area that extends about 200 feet 
downstream from the seeps. 

- This material is interspersed in the rocky substrate of the heavily vegetated and marshy 
area.  Excavating the material would be very difficult and time consuming. 

- The Field Engineer will use an XRF to screen samples of this material during the early 
stages of the Removal Action.  The results will be reported to the Forest Service OSC and 
no further action will be taken in the area until directed by the OSC. 
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o The estimated quantity of wood and metal debris (20 lcy) at the mill site is subject to a fairly 
tight boundary around the mill site.  The debris extends up the hillside above the mill site for 
several hundred feet. 
- The Field Engineer will work with the Forest Service OSC to identify and clearly define 

the boundaries within which the material is to be removed.  
- The Field Engineer will provide the OSC with a more accurate estimate of the material 

quantity.  
o The Removal Action design, assumptions, and cost estimate are based on Site conditions as 

of October 2010.   
- Repeated flooding and erosion at the Site during the 2010/2011 winter and spring may 

affect final construction and costs, particularly of repairs to the access roads. 
- The new MSE Project Manager and/or Field Engineer should be allowed to visit the Site 

along with the Removal Action Contractor at least 30 days before the Removal Action is 
scheduled to start to inspect the Site and address any changes in access or Site conditions. 

 
2.1 Mobilization and Site Preparation 
 

• Mobilization of heavy equipment and personnel to the Site will begin on August 22, 2011.   
• The following equipment will be mobilized to the Site: 

o Two 12-cy off-road dump trucks without pups or one Moxie 
o 7-cy track dump truck 
o D65 Dozer 
o JD 200 Excavator 
o JD 120 Excavator 
o Skid steer 
o Skip loader 
o Welder 
o Generator 
o Rock screening plant 

• All equipment will be thoroughly pressure washed and cleaned before entering the Site to remove 
foreign dirt and weeds. 

• Areas not to be disturbed during the RA, such as culturally sensitive areas, will be clearly flagged 
in consultation with the Forest Service OSC.       

• During removal activities, equipment and materials will be staged along FR 56 about 1.5 miles 
from the Site (Sheet 1).  

• Fuel storage will consist of 200 gallon-tanks in the back of support trucks. 
• Emergency spill kits will be available in case of spillage during equipment refueling. 

 
2.2 Road Improvements, Use, and Traffic Control 
 

• Site access from North Bend will be via Forest Road 56 (FR 56) and FR 5640 to the mine spur 
road (Sheet 1).   
o Damage to FR 56 from flooding in 2008 has been repaired to just past the Taylor River 

Bridge. 
o The remaining 1,000 feet to the intersection with FR 5640 remains heavily eroded and will be 

graded and resurfaced.  A rocked drain drip will be installed at the intersection of FR 56 and 
FR 5640 to convey flow across FR 56 to the Taylor River. 

o The lower portion of FR 5640 is heavily eroded and a stream is flowing down the road for 
approximately 600 feet to the intersection with FR 56.  This section will be graded and 
resurfaced, and the culvert will be repaired or replaced.  
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o The remaining approximately 5,400 feet to the mine spur road is a mixture of suitable road 
interspersed with medium to heavily eroded sections.  A total of approximately 4,400 feet 
will be graded and resurfaced. 

o Grading and resurfacing will consist of removing obstructions, widening, and placing from 
1,000 to 2,500 lcy of road base material (2-inch minus material) in selected areas. 

o Several culverts on FR 5640 are plugged or have been damaged and will be repaired or 
replaced. 

o FR 5640 is essentially a single lane road and turnouts will be constructed at key locations to 
accommodate heavy equipment. 

• The mine spur road leading approximately 2,000 feet from FR 5640 to the Site is very narrow and 
heavily eroded.  Several springs emanate from the hillside and flow down the road.  A large 
ravine, approximately 20 to 30-feet deep and 100-feet across, has washed out a large section of 
the road and impedes access to the Site.  The remains of an old bridge constructed of fallen trees 
currently span the ravine.  Beyond the ravine, the access road is heavily overgrown and access to 
the mill site is blocked by a large fallen tree. 
o The mine spur road will be cleared and a temporary access road to the Site will be cut down 

the slope to avoid the ravine.   
− Merchantable trees will be cut into approximately 8-foot plus increments (i.e., 8.5, 16.5, 

25, 33, 41, 49, 57, 65 feet) and hauled to a temporary staging along FR 56 about 1.5 miles 
from the Site (Sheet 1).   

− Smaller trees and brush will be stockpiled at the Site and placed back over reclaimed 
areas following completion of the RA.  

− Rooted shrub stems (primarily consisting of Salmon Berry) from the mine spur road will 
be salvaged and temporarily planted in a wet trench until use during reclamation. The 
contractor will attempt to salvage sufficient stems to accommodate replanting disturbed 
areas at a spacing of one stem on a 5-foot grid over the repository and disturbed areas; 
however, an additional source may need to be identified and a change order may be 
issued to address the additional costs. 

− Select vegetation growing along the mine spur road will be segregated, stockpiled, and 
placed back over the reclaimed road following the RA. 

o Up to 300 lcy of coarse road base will be placed and compacted where needed. 
o A large fallen tree that blocks the spur road near the mill site will be cut into sizes that can be 

moved by heavy equipment, and used in erosion controls on the reclaimed surface at waste 
rock pile WR-1. 

• Temporary erosion control BMPs will be installed along FR 5640 and the mine spur road to 
minimize erosion and prevent sedimentation of Quartz Creek during removal activities. Specific 
BMPs may include, but not be limited to: silt fencing, straw bales, check dams, temporary surface 
water diversions, sediment retention, and dust suppression. 

• Flaggers will not be needed because of the limited traffic and road closure signs will be posted on 
FR 5640. The existing gate on FR 56 at the Taylor River bridge will be locked during non-
working hours to prevent public access to the Site.  Additional warning signs will be erected any 
place where equipment operations may potentially interfere with road use or traffic.    
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2.3 Clearing and Grubbing 
 

• Clearing and grubbing will consist of clearing the mine spur road, waste rock piles, and 
repository footprint. 

• All clearing and grubbing will be performed under the direction of the MSE Field Engineer. 
• Care will be taken to avoid cedars and other large trees, and to minimize the area of disturbance. 
• Grubbed material and slash will be stockpiled for placement over the disturbed areas during 

revegetation. 
 
2.4 Storm Water Diversion/Erosion Control Measures 
 

• Storm water diversion and erosion control BMPs will be implemented before commencing 
removal activities and may include:   
o Small earthen berms or shallow ditches to divert storm water runon around key areas. 
o Straw waddles on exposed slopes to reduce flow velocities. 
o Silt fences and straw bales in key areas to detain sediment-laden water. 
o Rock check dams and sediment traps to provide sediment retention and prevent offsite 

migration. 
o Straw bales to direct flows and provide sediment retention. 

• The specific BMPs to be used will depend on site conditions during the Removal Action. 
• All BMPs will be installed under the direction of the MSE Field Engineer and in accordance with 

the manufacturer’s guidance and specifications. 
 
2.5 Debris Removal 
 

• Wood and metal debris around the mill site will be removed and hauled off site to the Cedar Falls 
solid waste drop box for disposal at the Cedar Hills Regional Landfill. The total volume of debris 
is estimated to be ~20 lcy. 
o Empty ~500-gallon steel AST, 
o Corrugated metal sheeting, and 
o Miscellaneous litter. 

• All other structures, equipment remnants, vehicles, and other items of potential cultural or historic 
significance will be left in place. 

 
2.6 Repository Preparation 
 

• A repository will be constructed at the location shown on Sheets 1 and 3 to accommodate the 
mine waste, contaminated soil, and sediment.    
o The repository area will be cleared and grubbed. 

− The trees will be felled, de-limbed, cut into lengths of 8-foot increments, and hauled to a 
temporary staging area along FR 56 (Sheet 1). 

− The stumps and root wads will be ground up using a stump grinder.  The grindings will 
be stockpiled for use in the cover. 

o Up to 1,770 bcy of growth medium and soil (if available and suitable material) will be 
removed from the repository footprint and access, and stockpiled for use in the repository cap 
and to cover the excavated waste areas and other disturbed areas.   

o The repository subgrade will be compacted using wheeled or tracked equipment and subject 
to approval by the Field Engineer.  The foundation slope will not exceed 10 percent unless 
approved by the Field Engineer.  
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o Because of limited space between the final repository surface and FR 5640, FR 5640 will be 
graded along the stretch immediately above the repository to intercept storm water run-on and 
drain away from the repository.  This will eliminate the need to construct a diversion channel 
above the repository.  The need for, and extent of, grading will be determined by the Field 
Engineer. 

 
2.7 Mine Waste, Soil, and Sediment Excavation  
 

• Mine waste excavation will consist of removing waste rock, soil and sediment with arsenic 
concentrations above the risk-based cleanup levels and transporting to the repository for disposal 
(see Sheets 2 and 3):   
o 2,000 bcy from waste rock pile WR-1 at the mill site, 
o 25 bcy from waste rock pile WR-2 near Adit 1, 
o 25 bcy of contaminated soil from around the mill foundation (including the concrete 

foundation), and 
o 100 bcy of sediment from the two seeps areas. 

• The waste areas (~0.4 ac) will be cleared and grubbed and the woody debris will be stockpiled for 
covering the reclaimed areas.  Merchantable trees will be cut to length (approximately 8-foot 
increments) and hauled to a temporary staging area along FR 56 about 1.5 miles from the Site 
(Sheet 1).  Smaller trees and brush will be stockpiled at the Site and placed back over reclaimed 
areas following completion of the RA. 

• An XRF meter will be used to assist in identifying waste rock, soil and sediment with arsenic 
concentrations above the cleanup levels, delineate the extent of excavation, and field confirm 
removal efforts before collecting confirmation samples.   
o The arsenic cleanup levels are:   

- Soil cleanup level = 103 mg/kg, and 
- Sediment cleanup level = 132 mg/kg.   

o Surface debris, organic matter, and detritus will be removed to expose the soil/waste rock. 
o In-situ measurements will be taken with the XRF and the results compared to the cleanup 

levels to determine the areal extent of waste material to be removed.  
o Periodic measurements with the XRF will also be taken during excavation to determine the 

depth of excavation.      
o Because soil moisture content and other factors can significantly influence in-situ XRF 

measurements, final confirmation measurements will consist of bench testing a minimum of 
four discrete soil samples from the excavation bottom and side walls. 

o The XRF instrument calibration, operation and all measurements will be performed in 
accordance with the manufacturer’s instructions and specifications. 

• The waste rock, contaminated soil and sediment will be excavated to the apparent native surface 
and the underlying soil will be screened with an XRF.  If the XRF screening results indicate 
residual arsenic concentrations above the cleanup level, the native soil will be excavated to a 
depth of 1 foot and the excavated area will be backfilled with 1 foot of clean soil. 

• The open shaft will be backfilled with ~150 bcy of waste rock from WR-1 and capped with 2 feet 
of clean soil. 
o Mine waste will be dumped directly into the shaft opening at a slow rate to prevent bridging 

or plugging. 
o When the backfilled waste material is within reach of the backhoe bucket, the material will 

periodically be tamped in place using the bucket to compact the material. 
o When the backfilled waste material reaches 2 feet below the ground surface, clean borrow 

soil from the repository will be used to fill the remaining 2 feet.  The material will be 
mounded slightly to account for settling and compacted using the bucket. 
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• The concrete mill foundation will be demolished and transported to the repository. 
• The trucks will not be overfilled and care will be taken to avoid waste spillage. Any spills will be 

cleaned up immediately and loading areas will be kept free of spilled material to prevent the 
tracking of contaminated material along access routes and off site.   

• The mine waste material will be placed in the repository and compacted in 8-inch lifts.  The final 
configuration will be graded and compacted to blend with the surrounding topography to the 
extent possible. 

• Water will be applied to the waste excavation areas for dust suppression, if needed.  Care will be 
taken to avoid over watering the areas. 

 
2.8 Bat Gate Installation  
 

• A bat gate will be installed in the open adit at the west end of the Site (Sheet 1).   
o Rock and soil that has sloughed in the adit portal will be cleared away and the opening 

temporarily stabilized as needed.   
o The bat gate will be constructed of mild angle steel to the configuration shown on Sheet 6 and 

installed in the adit portal. 
o The gate will include a locking mechanism consisting of a ¾-inch McGard security nut. 

 
2.9 Repository Cover Construction 
 

• The waste rock, concrete, and contaminated soil and sediment will be placed and compacted in 
the repository in 8-inch-thick lifts.  
o The repository will be shaped to blend with the surrounding topography to the approximate 

configuration shown in Sheets 4 and 5.  
- The repository side slopes will not exceed a 3:1 horizontal to vertical (3H:1V) ratio and 

the top surface will be graded to minimize erosion, promote drainage, and prevent 
ponding on the repository surface. 

o An engineered cover will be installed over the compacted waste: 
- The mine waste and contaminated soil will be screened at the repository to generate ~500 

lcy of fine bedding material. 
- The screened fines will be placed and compacted over the waste material in one 12-inch 

lift. 
- Up to 15,000 square feet (sf) of textured 60-mil high density polyethylene (HDPE) liner 

(AGRU Super Gripnet or equivalent, see Appendix D) will be placed over the bedding 
layer and tested per the manufacturer’s specifications.  The AGRU Super Gripnet liner 
incorporates a studded top surface for drainage and a spiked bottom surface to prevent 
slippage between the liner and underlying bedding material.  The drain provides a flow 
capacity of 125 gallons per minute per square foot and is covered with a 6-ounce 
geotextile that is heat set to the liner to prevent intrusion into the drain.  This eliminates 
the need for a coarse gravel drainage layer. 

- 24 inches of well-graded soil (~1,640 lcy) will be placed over the liner system in one 
lightly compacted 12-inch lift and one loose 12-inch lift. 

o The cover will be revegetated as described in Section 2.10. 
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2.10 Reclamation and Revegetation 
 

• Reclamation will consist of: 
o Ripping compacted surfaces (where planned), 
o Reshaping disturbed areas to control surface water and prevent erosion,  
o Covering disturbed areas with growth media distribution (where planned),  
o Planting the salvaged rooted shrub stems on 5-foot grid over disturbed areas,  
o Placing wood straw mulch or an acceptable substitute (e.g. shredded woody vegetation) over 

disturbed areas, and  
o Placing salvaged coarse woody debris over the disturbed areas. 
o No seeding is desired by the Ranger District. 

• Rocked drain dips, water bars or other drainage features will be incorporated into the access and 
mine spur roads to control surface water and erosion under direction of the Field Engineer.  

• The disturbed areas (~0.4 acre) where waste rock and soil were excavated will be graded to blend 
with the surrounding topography and promote drainage.  
o The graded areas will be covered with 12 inches of stockpiled soil (~620 lcy) from the 

repository excavation. 
o The salvaged rooted shrub stems will be planted on a 5-foot grid.    
o Stockpiled slash and grubbed material will be placed over the areas to prevent erosion and 

provide natural habitat.  Larger pieces will be placed parallel to the slope to slow overland 
flow during rain events. 

• The mine spur road and temporary access will be reclaiming by ripping compacted surfaces, 
planting the salvaged rooted shrub stems on a 5-foot grid, and mulching. 
o Water bars will be constructed as needed and identified by the Field Engineer or OSC to 

control road surface runoff and erosion. 
 
2.11 Mabey Bridge Removal 

 
• Following completion of the RA and Forest Service approval, the Mabey temporary bridge (steel 

framed, 60 feet long and 14 feet wide) on FR 56 will be removed.  The bridge will be removed, 
disassembled, and packaged according to the instructions and specifications provided by the 
Forest Service (Appendix F). The bridge will be transported approximately 190 miles to the 
government stockpile site at: 

 
Bonneville Power Administration 
Ross Complex 
1005 NE 61st Street 
Vancouver, Washington 98665 

 
o The concrete jersey barriers and support timbers will be removed and transported 

approximately 15 miles to: 
 

Snoqualmie Ranger District, North Bend Office  
902 SE North Bend Way, Building 1  
North Bend, Washington 98045 

 
o The underlying bridge will be left in place and the approaches will be returned to the 

approximate original grade.    
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3.0 CONFIRMATION SAMPLING 

• Confirmation soil samples will be collected from the waste excavation areas to verify that the 
arsenic-contaminated mine waste, soil, and sediment have been removed from the Site.  

• The confirmation sample results will be compared to Washington and EPA risk human health and 
ecological risk screening criteria for the eight RCRA metals (As, Ba, Cd, Cr, Pb, Se, Ag, and Hg).   

• The confirmation sample results will be used to compute the UCL95 arsenic concentration which 
will be compared to the arsenic cleanup levels: 
o The arsenic soil cleanup level is 103 mg/kg. 
o The arsenic sediment cleanup level is 132 mg/kg. 

 
3.1 XRF Screening  
 

• Before collecting confirmation samples, an XRF meter will be used to screen metals 
concentrations in soil from the excavated waste areas. 

• Because soil moisture content and other factors can significantly influence in-situ XRF 
measurements, final confirmation measurements will consist of bench testing. 
o Discrete grab samples will be collected from the bottom and sides of excavated waste areas. 
o The samples will be prepared and tested in accordance with the manufacturer’s instructions 

and specifications for bench testing.   
o If screening results indicate metals concentrations at or above the hotspot cleanup 

concentrations, additional material will be excavated and the XRF screening process 
repeated. 

o If screening results indicate metals concentrations significantly below the cleanup levels, 
confirmation soil samples will be collected. 

 
3.2 Sampling Protocol 
 

• Confirmation samples will consist of discrete soil samples collected from undisturbed areas of the 
bottom and sides of the excavated waste areas. 
o A minimum of one confirmation sample will be collected from each of the waste excavation 

areas. The exact quantity and locations of the confirmation samples will be determined in the 
field and will depend on the size and number of excavations. 

o The samples will be collected using disposable, single use equipment, such as wooden spoons 
or plastic spoons. 

o The samples will be placed in heavy-duty, 1-gallon, zip-lock freezer bags and stored in a 
cooler with ice. 

o All sample locations will be documented and the GPS coordinates will be recorded (if 
possible). 

• The confirmation soil samples will be submitted to SVL Laboratory in Kellogg, ID for analysis of 
the RCRA 8 metals (As, Ba, Cd, Cr, Pb, Se, Ag, and Hg).  The labs will be instructed to hold and 
maintain all remaining sample volumes for additional analysis, if determined necessary.   
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3.3 Sampling Designation and Labeling 
 

• Sample containers will be sealed at the time of collection.   
• The sample number, date and time of sample collection, sampler’s initials, and requested analysis 

will be recorded on the label and Chain of Custody using an indelible ink ball-point pen.   
• All samples will be assigned a unique sample number that indicates the specific area, sample 

number, and sample depth below surface. 
• For example:  WR1-01-4.5-CONF 
  Where: 
   WR1 = Waste rock pile 1 
   01 = Sample 1 
   4.5 = Sample collected from a depth of 4.5 feet below the ground surface  
   CONF = Indicates confirmation sample 
 

3.4 Sample Preservation and Shipping 
 

• The sample containers will be placed in a cooler suitable for transportation or shipping to the 
analytical laboratory.   
o Plastic bags filled with ice, sealed and double bagged will be placed in the cooler to maintain 

the samples at 4 °C until delivery to the laboratory.   
o Care will be exercised to prevent direct contact between the samples and ice.   

• Chain of Custody forms will be used to document and track sample possession.  
o The sampler will retain one copy of the Chain of Custody and the original will be sealed in a 

plastic bag and placed in the cooler with the samples.   
o When transferring possession of the samples, the Chain of Custody will be signed and dated 

by the sample custodian.   
o The cooler will be sealed with tape and custody seals placed across the cooler opening and 

initialed.   
• The samples will be shipped via Federal Express to SVL Analytical Laboratory in Kellogg, ID. 

The Federal Express airbills will be retained as part of the permanent Chain of Custody 
documentation.   

 
3.5 Decontamination Methods 
 

• Where possible, disposable single-use sampling equipment will be used for sample collection.    
• For non-disposable sampling equipment, a temporary decontamination area will be set up.   

o The decontamination area will be equipped with brushes, solvents, and distilled rinse water.   
o Non-disposable sampling equipment will be decontaminated before each use by scrubbing 

with detergent, rinsing with a dilute HNO3 solution (10 parts distilled water to 1 part HNO3), 
and rinsing with distilled water.   

o The equipment will be allowed to air dry before use. 
o All decontamination fluids will be allowed to drain onto the ground surface at the Site and 

infiltrate.  
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4.0 QUALITY ASSURANCE AND QUALITY CONTROL PLAN 

• This section describes the field and laboratory QA/QC standards and procedures to be maintained 
during the confirmation sampling and analysis. 

• The MSE Project Manager will be responsible for project quality assurance.  
 
4.1 Field QA/QC 
 

• Field QA/QC consists of: (1) following standard sampling procedures, (2) maintaining proper 
sample handling and documentation, (3) calibrating and maintaining field instruments, and (4) 
collecting field QA/QC samples.   

• All sampling methods and procedures will follow standard MSE protocols and all field equipment 
will be operated, maintained, calibrated, and standardized in accordance with the manufacturer’s 
recommended procedures.   

• Field QA/QC samples will be collected to evaluate the precision, accuracy, and 
representativeness of the field sampling effort.   
o One field duplicate sample and one equipment rinsate sample will be collected per every 10 

confirmation samples.   
o The duplicate samples will be designated by adding an “X” to the end of the sample number, 

and the rinsate samples will be designated as RINSATE1.  
o The field duplicates will be collected, processed, and analyzed in the same manner as the 

confirmation samples. 
o The rinsate samples will be collected by pouring distilled water over freshly decontaminated 

sampling equipment and collecting the rinsate directly in a laboratory-supplied, 500-mL, 
wide mouth, plastic bottle.  The rinsate sample will be analyzed for the RCRA 8 metals. 

 
4.2 Laboratory QA/QC 
 

• The EPA has accredited the analytical laboratory selected for analysis of the confirmation 
samples.   

• The laboratory will follow EPA Level II protocol (EPA 1987) for analysis and reporting, 
including laboratory blanks, laboratory duplicates, and matrix spike/matrix spike duplicates 
(MS/MSD).   

• All samples will be analyzed within the required holding time for each analytical procedure. 
• Detected concentrations between the method detection limit (MDL) and practical quantification 

limit (PQL) will be noted in the analytical summaries.   
• All analytical results will be reviewed to ensure that the laboratory QA/QC sample results are 

within the acceptable limits.   

5.0 POST-REMOVAL MONITORING AND O&M 
 
• MSE will conduct 3 years of annual post-removal monitoring of the aquatic habitat at the Site to 

assess the overall effectiveness of removal action activities.  
• The post-removal monitoring activities are described in the Post-Removal Monitoring and O&M 

Plan provided in Appendix E.    
o The plan combines elements of a Sampling and Analysis Plan (SAP) and Quality Assurance 

Project Plan (QAPP).   
o The plan also discusses the laboratory analytical procedures and QA/QC methods to be 

employed both in the field and the lab to ensure data quality.   
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• The primary objectives of the post-removal monitoring will be to: 
o Compare post-removal aquatic habitat conditions to pre-removal conditions; 
o Assess surface water, sediment, and pore water quality; and 
o Evaluate the soil cover integrity and success of revegetation efforts on the repository and 

reclaimed waste excavation areas. 
• Post-removal monitoring activities will consist of:  

o A general visual inspection of areas disturbed during removal activities at the Site;  
o Collecting surface water, pore water, sediment and benthic macroinvertebrate samples;  
o Completing an aquatic habitat survey;  
o Taking representative photos of the Site with an effort to replicate the post-removal action 

photos taken at completion of the removal action; and  
o Preparing Annual Monitoring Reports. 

• Surface water, pore water, sediment, and benthic samples will be collected for comparison with 
site characterization and pre-removal monitoring results:  
o Surface water, pore water, and sediment samples will be collected from four locations:  

- West seep (RM-SEEP-SW1) 
- East seep (RM-SEEP-SW2) 
- Quartz Creek upstream of the Site (QC-SW1) 
- Quartz Creek downstream of the Site (QC-SW3)  

o Benthic samples will be collected only from the two surface water locations on Quartz Creek.  
o The sampling approach and methodology are based on a refined set of sampling locations and 

analytical parameters established in the Site Inspection (SI) completed by Cascade Earth 
Sciences (CES) in 2005.  

o Annual monitoring reports summarizing the analytical results and comparing to previous 
monitoring results will be prepared and submitted to the Forest Service by the end of each 
calendar year. 

 
Prepared by: 

Millennium Science and Engineering, Inc.   Millennium Science and Engineering, Inc. 

 
  

Robert H. Lambeth, P.E.                             Date 
Principal Reviewer 

 Paul K. Hunter, P.G.                                 Date 
Division Manager 

8/19/11
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1.0 GENERAL 

1.1 Project Description 

Field staff will provide field engineering and contractor oversight during a CERCLA removal action at 
the Rainy Mine and Mill Site (i.e., the Site). Removal action and oversight activities will include: 

• Improving access roads by removing obstructions, repairing or installing new culverts, widening, 
grading, and placing road base material where needed; 

• Establishing temporary equipment and material staging areas; 
• Clearing and preparing an on-site repository for disposal of mine waste material; 
• Demolishing the concrete mill foundation; 
• Excavating waste rock, contaminated soil and sediment with arsenic concentrations above the 

cleanup levels; 
• Using an X-ray Fluorescence (XRF) meter during the excavation of mine wastes to guide removal 

efforts; 
• Constructing a repository to dispose of the mine waste and concrete; 
• Backfilling an open shaft with waste rock; 
• Installing a bat gate in an open adit; 
• Removing a small aboveground storage tank and miscellaneous debris from the mill site and 

surrounding hillside, and transporting off site to a local sanitary landfill for disposal;  
• Reclaiming the disturbed areas and temporary access roads; 
• Collecting soil confirmation samples; and 
• Removing a temporary bridge, timbers, and jersey barriers. 

1.2 Site Description 

The Rainy Mine is located approximately located 12 miles northeast of North Bend, Washington, adjacent 
to Quartz Creek. The site is accessed by Forest Service Road (FR) 5640, off County Road 56.  Site 
features include: 
 

• An open vertical shaft and winze; 
• An open adit with discharge and several apparent collapsed features; 
• Two waste rock piles; and  
• Concrete mill foundation and miscellaneous debris. 

 
The project site is located along a steep, heavily forested slope adjacent to a perennial stream at an 
elevation of about 1,800 feet.  The stream, Quartz Creek, is a tributary to the Taylor River, which flows 
into the Middle Fork Snoqualmie River.  The site is divided into two zones, east and west, separated by a 
distance of about 400 feet.  The east zone consists of an open vertical shaft, winze, a concrete mill 
foundation, miscellaneous debris, and a large waste rock pile (WR1).  Water seeps from the toe of the 
waste rock pile in two locations and forms a marshy area that eventually drains into Quartz Creek.  The 
west zone is upstream of the east zone and consists of an open adit and one small waste rock pile (WR2).   



 

2.0 CONTACTS 

All Millennium Science and Engineering, Inc. (MSE) Boise contacts may be reached at (208) 345–8292. 

USFS On-Scene Coordinator: Rodney T. Lentz (509) 826-3274 
USFS Snoqualmie Ranger District Office  (425) 888-1421 
Field Engineer: Robert H. Lambeth, P.E. (509) 742–0294 
Project Manager: Robert H. Lambeth, P.E. “ 
Boise Office Manager: Paul K. Hunter, P.G. “ 
Boise Health & Safety Officer: Paul K. Hunter, P.G. “ 
MSE Boise Satellite Phone  (254) 204-0171 

2.1  Emergency Response Procedures 

The most likely emergencies include accident and fire.  MSE personnel may become involved in an 
emergency caused by unrelated work on the site. 

2.1.1 Site Evacuation 

If evacuation of the site is necessary, travel to the North Bend Ranger Station at 902 SE North Bend Way 
in North Bend, and remain available until all personnel are accounted for. 

2.1.2 Notification Procedures 

In the event of an emergency, personnel should dial 911. 

If a situation arises which is immediately hazardous to life and health, presents a fire or explosion hazard, 
or results in a risk of fuel release, notify the site contact first.  As soon as practicable, notify the MSE 
project manager or Boise office manager, followed by the client (if different than the site contact).  In the 
event that Boise personnel are unavailable, contact Dale A. Rice at the McLean, Virginia office. 

In case of an injury accident, provide first aid and medical attention, as required and as your qualifications 
allow.  As soon as practicable, provide notification as in the previous paragraph. 

2.1.3 Initial Response Steps 

Evaluate the situation quickly.  Is it immediately dangerous?  Are there injuries that require treatment?  
Can injured persons be moved?  Do you have the materials necessary to contain a spill?  Are site 
personnel or other MSE personnel readily available? 

Take actions with the following priority: 

1. If widespread evacuation is necessary, provide notification. 

2. Remove and treat injured persons, if movement is not precluded by the injuries. 

3. Contain spill, if any. 

4. Obtain help for any actions you cannot handle yourself. 
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2.2  Nearest Hospital 

For emergency treatment, consider Life Flight to Seattle 

The nearest medical facility and directions from Site: 

Snoqualmie Valley Hospital 
9575 Ethan Wade Way SE 
Snoqualmie, WA 98065 
(425) 831-2300 

Go southeast on FR 5640 2 miles from the site to the Taylor River Road (FR 56).  Turn right 
(southwest) on the Taylor River Road (FR 56) and continue approximately 12 miles till the road 
ends in North Bend.  Turn right (west) on SE North Bend Way for approximately 5 miles to 
Meadowbrook Way SE.  Turn right (northeast) and go about ½ mile to Ethan Wade Way SE.  
Turn left (north) and proceed about ¼ mile to the hospital. 

3.0 CHEMICAL HAZARD ASSESSMENT 

3.1 Characterization 

The following is a brief description of the work site and expected hazards.  The hazard assessment is 
based on information supplied by in the Site Inspection Report (CES 2005). 

Facility Type Facility Status Waste Type Waste Class Exposure Route 
Landfill  Active  Gas  Corrosive  Inhalation X
Commercial  Inactive  Liquid  Flammable  Absorption X
Industrial X Abandoned X Solid X Poison  Ingestion X
Residential  Other (specify)  Unknown  Radioactive    
Public      Oxidizer    
Military      Explosive    
Agricultural      Carcinogen x   
Other (mine) x     Misc.    
      Other (toxins) X   

3.2 Known Site Background Information on Chemical Hazards 

Mine waste materials at the site are expected to contain elevated concentrations of metals, particularly 
arsenic.  Water discharging from the two seeps below waste rock pile WR1 may be acidic and contain 
high concentrations of arsenic, copper, iron and zinc.   

3.3 Relative Toxicity and Potential Health Risks of Chemicals 

Chemicals that may be encountered are described below.  CAS registry numbers are unique identification 
numbers assigned by the Chemical Abstracts Service, a division of the American Chemical Society.  DOT 
numbers are assigned by the US Department of Transportation, and may be used in conjunction with the 
1996 North American Emergency Response Guidebook.  NFPA ratings are assigned by the National Fire 
Protection Association.  They are listed in the order Health–Flammability–Reactivity, where 4 represents 
a severe hazard and 0 represents a minimal hazard.  Information presented here was primarily obtained 
from the NIOSH Pocket Guide to Chemical Hazards, June 1994 Edition, with supplementary information 
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from manufacturer’s Material Safety Data Sheets (MSDS).  A general discussion of the routes of 
exposure appears below, in Section 3.4.  Acronyms and abbreviations commonly used in the discussion of 
chemical hazards are given in the table below. 

Acronym Meaning 
APF Assigned Protection Factor 
APR Air–Purifying Respirator 
CAS Chemical Abstracts Service 
DOT US Department of Transportation 
HEPA High Efficiency Particulate Air 
IARC International Agency for Research on Cancer 
IDLH Immediately Dangerous to Life and Health 
MSDS Material Safety Data Sheet 
NFPA National Fire Protection Association 
NIOSH National Institute for Occupational Safety and Health 
OSHA Occupational Safety and Health Administration 
PEL Permissible Exposure Limit (OSHA) 
PPE Personal Protective Equipment 
REL Recommended Exposure Limit (NIOSH) 
SAR Supplied–Air Respirator 
SCBA Self–Contained Breathing Apparatus 
STEL Short Term Exposure Limit 
TLV Threshold Limit Value 
TWA Time–Weighted Average 

3.3.1 Metals and Inorganic Compounds 

Several metals may be present at high concentrations in mine waste, sediment, and surface water at the 
site, including arsenic, copper, iron, lead, mercury, and zinc.  However, with the exception of arsenic, the 
maximum detected concentration other metals are well below Risk Management Criteria (RMC) 
established by the Bureau of Land Management (BLM) for workers at BLM mining sites.  Arsenic and 
other contaminants of concern are discussed below. 

Arsenic (and inorganic arsenic compounds) 

Arsenic metal is a silver–gray or tin–white, brittle, odorless solid.  It is noncombustible in solid bulk 
form, but arsenic dust presents a slight explosion hazard when exposed to flame.  The OSHA PEL is 
0.010 mg/m3, and the NIOSH 15–minute STEL is 0.002 mg/m3.  The IDLH concentration is 5 mg/m3.  
NIOSH considers inorganic arsenic compounds to be potential occupational carcinogens. 

Symptoms:  Inhalation of dusts is the primary route of exposure.  Inhalation can result in ulceration of 
the nasal septum; absorption can result in dermatitis or gastrointestinal disturbances; contact can 
result in peripheral neuropathy or respiratory irritation; and ingestion can result in skin 
hyperpigmentation or cancer. 

First Aid:  Eyes should be irrigated immediately with clean water.  Wash exposed skin with soapy 
water.  Respiratory support should be provided in case of breathing difficulty, and immediate medical 
attention is required in case of swallowing. 

NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest 
feasible concentration, and recommends the use of a self–contained breathing apparatus (SCBA) or 

Rainy Mine Removal Action  H301 
MSE Health and Safety Plan  Page 4 



 

supplied–air respirator (SAR) at all concentrations.  For details, consult Appendix A in the NIOSH 
Pocket Guide to Chemical Hazards. 

Cadmium dust (CAS 7440-43-9) and compounds 

Cadmium (Cd) is a silver-white, blue-tinged lustrous, odorless metal.  The metal is insoluble in water, 
but many compounds are soluble.  It is noncombustible in bulk form, but will burn in powder form.  
Elemental cadmium is incompatible with elemental sulfur, selenium and tellurium.  The OSHA PEL 
is 0.005 mg/m3.  The IDLH concentration is 9 mg/m3.  NIOSH considers cadmium to be a Potential 
Occupational Carcinogen. 

Respirator:  NIOSH usually recommends that occupational exposures to carcinogens be limited to the 
lowest feasible concentration, and recommends the use of a self–contained breathing apparatus 
(SCBA) or supplied–air respirator (SAR) at all detectable concentrations.  NIOSH recommends full–
face air–purifying respirator (APR) with HEPA cartridge and APF=50 or escape–type SAR for 
escape.  For details, consult Appendix A in the NIOSH Pocket Guide to Chemical Hazards. 

Symptoms:  Inhalation and ingestion of dusts are the primary exposure routes.  Exposure can result in 
pulmonary edema, dyspnea (breathing difficulty), cough, chest tightness, substernal (occurring 
beneath the sternum) pain; headache; chills, muscle aches; nausea, vomiting, diarrhea; anosmia (loss 
of the sense of smell), emphysema, proteinuria, mild anemia, and possibly cancer. 

First Aid:  Eyes should be irrigated immediately with clean water.  Wash exposed skin with soapy 
water.  Respiratory support should be provided in case of breathing difficulty, and immediate medical 
attention is required in case of swallowing. 

Chromium (CAS 7440-47-3) 

Chromium may be encountered either as a metal, in salts, or as a cation in solution.  The toxicity of 
the metallic form is low relative to the cation (as a salt or in solution).  It is not likely that chromium 
metal will be encountered as part of this project.  Chromium salts may exhibit a corrosive action on 
the skin and mucous membranes.  NIOSH considers all compounds containing chromium in the 
hexavalent oxidation state to be carcinogens.  The OSHA PEL is 0.1 mg CrO3/m3 (ceiling) for 
chromic acid and chromates, ACGIH recommends an 8-hour TWA of 0.05 mg Cr(VI)/m3 for water 
soluble Cr(VI) compounds.  The primary routes of exposure are ingestion, dermal contact, and 
inhalation of aerosols.  Ingestion of even small amounts may result in death, symptoms vary with the 
particular chromium compound.  Contact may result in lesions confined to exposed skin areas and 
mucous membranes of the nasal septum.  If exposure continues, perforation of the nasal septum may 
result. 

Lead (and inorganic lead compounds) 

Lead is a heavy, ductile, blue-gray metal which is very soft.  Inorganic lead compounds include lead 
oxides, metallic lead, and lead salts.  Lead is slightly soluble in water.  Ingestion of lead dust is the 
primary route of entry for metallic lead.  However, organically complexed lead can be present as a 
constituent in petroleum fuels.  The OSHA 8–hour PEL for metallic lead, lead oxides and inorganic 
lead salts and soaps is 0.050 mg/m3, and the NIOSH 10–hour REL for metallic lead, lead oxides, and 
all lead salts except lead arsenate is 0.100 mg/m3.  The IDLH concentration is 100 mg/m3 (as lead). 

Symptoms:  Lead compounds can enter the body through inhalation, adsorption, or ingestion.  
Systemic effects of lead poisoning are difficult to identify except through laboratory testing.  
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Symptoms of exposure include weakness, lassitude, insomnia, facial pallor, eye palpitations, 
anorexia, constipation, tremor, headache, aching bones and kidney disease. 

First Aid:  Eyes should be irrigated immediately with clean water.  Flush exposed skin with soapy 
water.  Respiratory support should be provided in case of breathing difficulty, and immediate medical 
attention is required in case of swallowing. 

Mercury (and inorganic mercury compounds) 

Metallic mercury is a heavy, silver–white odorless liquid between –38ºF and at 674ºF.  Inorganic 
mercury compounds include all inorganic and aryl Hg compounds, but not alkyl compounds (such as 
methyl mercury).  The primary routes of entry for mercury are by inhalation, absorption, and 
ingestion.  The NIOSH 8–hour PEL for mercury vapor is 0.050 mg/m3 (as Hg).  The IDLH 
concentration is 10 mg/m3 (as Hg). 

Symptoms:  Mercury compounds can enter the body through inhalation, adsorption, or ingestion.  
Symptoms of exposure include irritated eyes, skin irritation, coughing, chest pain, insomnia, anorexia, 
tremor, headache, and fatigue. 

First Aid:  Eyes should be irrigated immediately with clean water.  Flush exposed skin with soapy 
water.  Respiratory support should be provided in case of breathing difficulty, and immediate medical 
attention is required in case of swallowing. 

Selenium (CAS 7782-49-2) 

Elemental selenium (Se) is an amorphous or crystalline, red to gray solid.  Selenium also occurs as an 
impurity in most sulfide ores.  It is a combustible solid, and also reacts with acids, strong oxidizers 
and cadmium.  The OSHA PEL and NIOSH REL are 0.2 mg/m3 (as Se) for selenium and its 
compounds, except selenium hexafluoride gas. 

Respirator:  NIOSH recommends any dust and mist respirator or APR with HEPA cartridge for 
concentrations up to 1 mg/m3. 

Symptoms:  Inhalation, ingestion and, skin and/or eye contact are exposure routes.  Exposure can 
result in irritation of the eyes, skin, nose or throat; visual disturbance; headache; chills, fever; dyspnea 
(breathing difficulty), bronchitis; metallic taste, garlic breath, gastrointestinal disturbance; dermatitis; 
or eye/skin burns.  Exposure in animals can result in anemia; liver necrosis, cirrhosis; kidney, spleen 
damage.  Consumption of selenium–accumulating plants such as Astragalus spp. (locoweed) are 
thought to cause blind staggers and other diseases in livestock 
(http://www.pprl.usu.edu/selenium_accumulators.htm). 

First Aid:  Eyes should be irrigated immediately with clean water.  Flush exposed skin with soapy 
water.  Respiratory support should be provided in case of breathing difficulty, and immediate medical 
attention is required in case of swallowing. 

3.4 Routes of Chemical Exposure 

The routes of chemical exposure and relevant safety practices are briefly described below. 
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3.4.1 Inhalation 

Breathing a gas, vapor, mist, fume, or dust is the most common type of accidental exposure.  Generally, 
respirators should be worn when activities involve the generation of airborne particles or when organic 
vapors are suspected.  It is the responsibility of the SSO to determine where and when respirators will be 
worn (see Section 5.0). It is not anticipated that respirators will be necessary at this site. 

3.4.2 Skin Absorption 

Skin absorption is the second most common accidental means of entry of chemicals to the body.  Avoid 
unnecessary contact with contaminated surfaces.  All skin areas shall be protected when working with 
hazardous materials.  Items to protect the skin include:  disposable Tyvek® suits, rubber boots, gloves 
and face shield. 

After work is completed all contaminated protective equipment must be decontaminated or disposed of in 
accordance with the applicable and relevant or appropriate regulations. 

3.4.3 Ingestion 

Ingestion is a common route of chemical exposure.  Thus, the following activities are prohibited on site 
within the primary work area:  eating, drinking, smoking or chewing gum. 

3.4.4 Eye Contact 

Most chemicals have the ability to injure the eye to some degree through surface contact or absorption.  
Appropriate safety goggles shall be worn on the site.  Furthermore, contact lenses are not allowed in work 
areas where hazardous chemicals are encountered. 

4.0 PHYSICAL HAZARDS 

Field personnel may be exposed to a number of physical hazards, including: 

• fire and explosion, 
• industrial hazards: lifting, hand tools, falls and slips, 
• heat or cold stress, 
• excavation hazards, 
• hazards from heavy equipment and motor vehicles, 
• potential fall hazards into mine workings, 
• noise, and 
• flash flood. 

5.0 SAFETY AND HEALTH CONTROLS 

5.1 Accident Prevention 

5.1.1 General 

• First Aid and safety equipment will be provided as listed in Section 5.2.1 below. 
• Personal protective equipment (PPE) will be worn, as required in Section 5.2.2 below.  Facial hair 

which interferes with the satisfactory fit of respirators must be shaved before respirator use. 
• No alcoholic beverages or illegal drugs are allowed onsite. 
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• Accidents shall be reported to the Project Manager and the Boise Regional Manager in a timely 
fashion. 

• Tools and equipment will be used in accordance with normal safe working procedures.  This 
includes equipment inspection before use, and will usually require the use of eye protection. 

• Safe lifting and carrying procedures shall be followed.  Lift with your legs, not with your back! 
• Practice safe driving and wear a seat belt. 

5.1.2 Fire Protection 

Portable fire extinguishers shall be provided in each MSE vehicle at the job site.  These fire extinguishers 
will be inspected and maintained in accordance with National Fire Protection Agency Regulation 10, 
Portable Fire Extinguishers.  All excavation equipment will be equipped with spark arrestors and fire 
extinguishers will be provided for the site. 

5.1.3 Excavation and Drilling Hazards  

All excavation activities must be performed in accordance with OSHA safety standards for excavating, 
29 CFR 1926 Subpart P.  In particular, the following points shall be observed: 

• MSE personnel shall stand well clear of trenches and pits during excavation.  Personnel not 
involved in monitoring or operation of excavating equipment shall remain a safe distance from 
the equipment. 

• Access by the general public shall be impeded by means of traffic cones, construction fencing or 
barricades, if excavation occurs in a publicly trafficked area.  If it is absolutely necessary that an 
excavation be left open overnight, the area shall be barricaded and a warning sign placed.  Open 
excavations shall not be left unattended without the permission of the project manager and the 
property owner or tenant. 

• Vehicles and equipment shall be kept far enough from excavations to prevent caving hazards, and 
shall not under any circumstances be placed closer than 3 feet from the edge of an excavation. 

• Entry into any unshored excavation greater than 5 feet in depth is forbidden, unless the slope is 
gentler than 1H:1V. 

• Personnel shall stand upwind of excavations, boreholes, spoils, etc., whenever practical.  Always 
approach an excavation into potentially contaminated material from upwind. 

• All team members must make a conscious effort to remain aware of their own and others’ 
positions relative to moving equipment.  Personnel will wear orange reflector vests and hardhats 
around heavy equipment.  Know where the emergency shutoff is located. 

• Personnel shall not, under any circumstances, enter or ride in any equipment not designed 
specifically for carrying human passengers. 

• Potential hazards during excavation and drilling also include fire.  The contractor shall maintain a 
water truck onsite during operations and all field personnel shall have easy and immediate access 
to a fire extinguisher.  Fire precautions are provided in Attachment B. 

5.1.4 Heat Stress 

Anticipated weather conditions indicate that the risk of heat stress is moderate to high.  Various degrees 
of heat stress are described below. 
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Extreme heat can cause heat exhaustion or heat stroke, possibly resulting in death.  Heat stress can be 
avoided by taking rest breaks in cool or shaded areas, drinking water or dilute drinks to maintain 
electrolyte balance, and maintaining physical fitness. Quartz Creek may be accessed for cooling if heat 
stress is suspected. 

Heat exhaustion is characterized by pale, cool and clammy skin, profuse perspiration, fatigue or 
weakness, headache, dizziness, slurred speech or confusion, and nausea.  First aid procedures call for 
removing the victim to a cool uncontaminated area, removing PPE, cooling the victim with water and 
fanning, allowing the victim to drink water and rest. 

Heat stroke is characterized by extremely high body temperature; hot, red and dry skin; reduced 
perspiration; a rapid strong pulse; and possible confusion or unconsciousness.  First aid is the same as for 
heat exhaustion, but the victim should be transported to a medical facility, since heat stroke is a medical 
emergency. 

5.1.5 Cold Stress 

Anticipated weather conditions indicate that the risk of cold stress is low.  Various degrees of cold stress 
are described below. 

Frostnip is characterized by a sudden blanching of the skin.  First aid requires covering the affected area 
with warmth until symptoms subside. 

Frostbite is characterized by white or waxy skin, which feels firm to the touch.  First aid procedures call 
for covering the affected area with warmth, and moving the victim to a heated shelter when possible.  A 
physician’s care should be sought as soon as possible. 

Mild hypothermia is characterized by shivering, numbness and drowsiness.  For first aid, apply heat and 
move the victim to a heated shelter. 

5.1.6 Confined Spaces 

The scope of work does not require entry into any confined space.  If work activities within an excavation 
prove necessary, they shall be conducted in accordance with the appropriate regulations, and only after 
consultation with the Project Manager. 

5.1.7 Forest or Rangeland Fire 

This project is on National Forest System lands, and workers may encounter wildfire.  Fire protection and 
suppression measures are provided in Attachment B.  Contact the Snoqualmie Ranger District at (425) 
888-1421 to determine the fire status before mobilizing to the Site.  At a minimum, all field personnel 
should follow general fire prevention measures, including: 

• Do not build a campfire outside of designated fire pits, and have fire buckets filled and ready 
during campfire use; 

• Minimize the use of sparking equipment, and never use such equipment in areas that have not 
been cleared of fuel; 

• Be prepared to smother local small fires with shovels; 
• Know the way out, and identify alternate escape routes incase your main route is blocked; 
• Know the whereabouts of the members of your party; 
• Make sure someone knows that you are on the Forest, and where your job site is; 
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• Pay attention to conditions of high temperature, low humidity, winds and thunderstorms;  
• If a fire starts nearby, get out!  Leave when you can, not when you must; and 
• Fire consumes oxygen, so taking refuge in water may not help you. 

 
Awareness of fire behavior can help you plan your escape: 

• Fire usually burns faster uphill than downhill; 
• If the wind changes, the fire can change direction or move downhill; 
• Fires in “fine” fuel like grass or brush typically spread fastest (several miles an hour); 
• Fires in “heavy” fuel like downed trees and snags can move fast and burn intensely; 
• Large fires may have complex behavior that makes prediction of their spread or intensity 

difficult; 
• Smoke tends to settle in valley bottoms at night; and 
• A fire that looks out or just smoldering can spring to life if conditions change, especially if the 

wind comes up. 
 
5.1.8 X-ray Fluorescence Instrument Use 

The MSE Field Engineer will be responsible for maintaining and operating the XRF instrument.  The 
instrument shall be maintained and operated in strict accordance with the manufacturer’s specifications 
and safety requirements.   

 

5.2 Chemical Hazard Minimization 

5.2.1 Required First Aid and Safety Equipment 

fire extinguisher X monitoring equipment: 
first–aid kit X PID or FID  
eye–wash station  Draeger tubes  
traffic cones  Satellite phone X 
two-way radios X Spill kit X 

5.2.2 Required Personal Protective Equipment 

For the purposes of this job, level "D" protection (minimum) shall be used.  Since the atmosphere is not 
expected to contain hazardous gases in concentrations above regulatory limits, no respiratory protection is 
being required.  The following personal protective equipment (PPE) is required: 

hard hat X harness  
safety glasses X coveralls, coated tyvek  
safety goggles  hearing protection X
outer gloves, type  X respirator (see below)  
liner gloves  Orange safety vests X
safety shoes    
boots w/ steel toe  X   
    

 

Rainy Mine Removal Action  H301 
MSE Health and Safety Plan  Page 10 



 

5.2.3 Decontamination 

An area shall be designated as the decontamination area.  All equipment decontamination and removal 
and bagging of protective clothing shall occur in this area.  All other portions of the site should be 
considered potentially contaminated, and the protective measures provided herein shall be used. 

5.2.4 Training 

All MSE personnel assigned to this project shall be qualified for working at abandoned mine sites.  
Qualification requires the following: 

• Successful completion of a 40–hour training program (29 CFR 1910.120) shall be required for all 
field personnel involved in sample collection, waste characterization, or other potentially 
hazardous activities. 

• Successful completion of an 8–hour refresher training course during the past 12 months, provided 
the 40–hour training occurred over 12 months ago. 

• Successful completion of Hazard Communication training in accordance with the MSE Safety 
and Health Manual. 

5.2.5 Medical Monitoring 

All MSE personnel assigned to this project shall be enrolled in MSE's Medical Surveillance Program.  
The program requires baseline (upon employment) and periodic (annual) examinations by a licensed 
physician.  Records of these examinations for Boise personnel are maintained at Occupational Medicine 
Associates, 6533 West Emerald Street, Boise, Idaho (208) 377–1520.   

6.0 GENERAL SAFETY AND HEALTH REQUIREMENTS 

• All MSE personnel shall follow the corporate Health and Safety Manual, except where this site-
specific Health and Safety plan conflicts, in which case this plan shall take precedence. 

• Each day a brief safety meeting will be held at the site.  At a minimum, the following information 
will be reviewed: 
o Work to be done 
o Basic and specific work procedures 
o Review of chemical/physical hazards 

• No persons other than those pre-approved by the site Health and Safety Officer shall be allowed 
on the site during removal action activities. 

• A minimum of two persons (including subcontractor personnel) are required onsite when removal 
activities are taking place. 

• Smoking, eating, drinking, or chewing gum is not permitted onsite.  Wash hands and face before 
engaging in these activities off site. 

• Avoid touching on–site materials, walking through known or suspected "hot zones" or 
contaminated puddles, kneeling or sitting on the ground, sitting or leaning against potentially 
contaminated equipment or machinery. 

• All contractors or subcontractors shall contact the site Health and Safety Officer or project 
manager if any unsafe condition or practice occurs. 
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7.0 AUTHORITY 

7.1 Site Safety Officer 

The SSO has the authority to enforce all rules and regulations applicable to this project and to ensure 
MSE's policies and procedures are followed, including this Health and Safety Plan.  The SSO shall 
consult with the Office Health and Safety Officer (OSHO) and/or Project Manager (PM) before making 
changes because of changing or unexpected site conditions, except in case of an emergency in which such 
consultation is impractical.   The SSO shall keep written records of all such changes to the Plan.  The 
Field Engineer is the SSO for this site. 

7.2 Project Manager 

The Project Manager (PM) has the responsibility for making sure that all aspects of the Health and Safety 
Plan are reviewed prior to starting field activities. 

7.3 Subcontractors 

All subcontractors shall prepare and follow their own site–specific Health and Safety Plan and shall 
provide their own protective equipment.  MSE will not review subcontractor Health and Safety plans. 

The MSE SSO has the right to stop any work activities of a subcontractor if, in his/her opinion, the 
subcontractor is operating in an unsafe manner.  This authority in no way absolves the subcontractor from 
responsibility for the safety of its own employees or other persons. 

7.4 Signatures 

Plan Number H301 Date _     ___________ 

Plan Author(s):  

Site Safety Officer:  

Project Manager:  

Boise Health & Safety Officer:  

MSE Field Personnel:  

 

 

 

 

Attachments: A:  Route to Hospital 

  B:  Fire Precautions 
  



ATTACHMENT A—Route to Hospital 

 

Snoqualmie Valley Hospital 
9575 Ethan Wade Way SE 
Snoqualmie, WA 98065 
(425) 831-2300 

Directions: 

Go southeast on FR 5640 2 miles 
from the site to the Taylor River 
Road (FR 56).  Turn right 
(southwest) on the Taylor River 
Road (FR 56) and continue 
approximately 12 miles till the 
road ends in North Bend.  Turn 
right (west) on SE North Bend 
Way for approximately 5 miles 
to Meadowbrook Way SE.  Turn 
right (northeast) and go about ½ 
mile to Ethan Wade Way SE.  
Turn left (north) and proceed 
about ¼ mile to the hospital. 
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ATTACHMENT B—Fire Precautions 

FIRE PREVENTION  

The Contractor shall adhere to the following specific fire precautionary measures: 

A. Smoking 

Prohibited in the woods during the fire season, May 10 - October 20, except in areas agreed upon by the 
Contractor and COR. No smoking is permitted while walking or working in the woods. 

B. Refueling Chainsaw/Soil Auger 

Refueling will be confined to a 6-foot diameter cleared to mineral earth. Chainsaws/soil auger spark 
arresters shall be U.S. Forest Service approved, and will be cleaned daily. A size "O" or larger round-
pointed shovel with a minimum of a 38-1/2-inch handle and a fire extinguisher shall be within 10 feet of 
actual point of chainsaw/soil auger operation. 

C. Burning, Blasting, or Welding  

Permit will be required and will contain special stipulations pertinent to the particular job. 

D. Spark Arresters 

All internal combustion power equipment used by the Contractor on the project shall be equipped with an 
approved spark arrester as set forth in the publication of the USDA Forest Service, entitled "Standard 
5100-1a for Spark Arresters for Internal Combustion Engines" as amended under date of July 1970, and 
be listed in the most recent "Spark Arrester Guide" as having been approved as meeting above standard. 
They shall be cleaned regularly and maintained in satisfactory working condition. The following are 
exempt from the requirements of the rule: (a) turbo-charged internal combustion engines in which 100 
percent of the exhaust gasses pass through a turbo-charger; (b) engines of passenger carrying vehicles and 
light trucks equipped with a muffler with baffles that are kept in good repair (glass packs are not an 
approved muffler for wildland work); (c) water pumping equipment used in firefighting. 

Spark arrester shall comply with all State and Federal fire requirements. 

E. Lunch and Warming Fires 

Cooking and warming fires will not normally be permitted and then only by written permit by the COR 
which contains stipulations regulating use of such fires. 

F. Hand Tools 

The Contractor shall furnish one size "O" shovel (38-1/2 inch handle minimum) or larger, one axe or 
pulaski with 26-inch handle or larger, one 5-BC or larger rated pressurized fire extinguisher for each 
truck, each personal vehicle, each tractor, and each grader. For each welder he shall furnish on size "O" 
shovel and one backpack pump. For each gasoline power tools (power saw, soil auger, etc.), one shovel 
(38-1/2 inch handle minimum) and one 8-ounce or larger BC rated chemical-pressurized fire extinguisher. 

Contractor shall also furnish any other equipment called for elsewhere in the contract. The shovel and fire 
extinguisher will be located within 10 feet of the operating chainsaw/power auger. 

 



ATTACHMENT B—Fire Precautions 

 

G. Storage and Parking Areas  

Equipment service area, parking area, and gas and oil drum storage areas will be cleared of all flammable 
material for a radius of at least 50 feet. These areas must be approved in writing by the COR in advance 
of use. Small stationary engine sites shall be cleared of flammable material for a radius of at least 5 feet 
from such engine. 

H. Fire Tool Box  

A red fire toolbox will be required to be on each work site while work is being performed. This fire 
toolbox will contain sufficient tools to equip all persons engaged in Contractor's operation. Fire tools shall 
be used only for suppressing wildfires. Tools shall be stored in fireboxes provided by the Contractor and 
readily available to employees. Each toolbox shall be marked "Tools for Fire Only."  

 



 

APPENDIX B 
 

FIELD FORMS 



Project: Rainy Mine Removal Action

Project Number: B2473.P

Location: Mt. Baker-Snoqualmie National Forest, Washington

Field Personnel:

USFS Personnel:

Date:

FIELD CONDITIONS

Weather: Sunny Partly cloudy Cloudy Rain     Snow Temp:

Precipitation: Dry Recent Current Wind: 0 <5 5-15 15-30 >30

VISITORS TO THE SITE

FIELD WORK SUMMARY

Name Purpose of Visit:Company:

MSE  Daily Field Summary



SAMPLE ID:

Sample Location: Photo:

Description: Rainy Mine

Date:

Field Personnel:

Conditions: Weather: Sunny Cloudy Rain

METHOD
Grab: Depth:

Composite:

SAMPLE COLLECTION
Equipment: Trowel Push Sampler Other:

Sample Collection Time:

# Sample Containers

DESCRIPTION/COMMENTS

R
C

R
A 

8 
M

et
al

s

Size

50
0-

m
L 

B
ot

tle

12
-o

z 
gl

as
s 

ja
r

1-
ga

l Z
ip

lo
ck

 b
ag

B
ra

ss
 S

le
ev

e

Analysis Other

MSE  Soil Sample Collection Record

HabitatDepth: Comments



 

APPENDIX C 
 

SPECIFICATIONS 



Technical Specifications 
 

  
1. Division 1-65 Haul 
2. Division 1-71  Mobilization 
3. Division 1-94 Roadway Obliteration 
4. Division 2-41 Debris and Structure Removal 
5. Division 2-66 Repository Cell 
6. Division 31-5  Cover Soil 
7. Division 31-11  Clearing and Grubbing 
8. Division 31-23  Excavation and Embankment 
9. Division 31-25  Soil Erosion and Sediment Control 
10. Division 31-32 Geosynthetic Soil Stabilization and Layer Separation 
11. Division 31-70 Close Mine Openings 
12. Division 33-42  Culverts 
13. Division 33-46  Diversion Drainages 
14. Division 35-42 Soil Bioengineering Streambank and Cut Slope Protection 
15. Division 31-37 Riprap 



DIVISION 1-65 
HAUL 

 
PART 1 GENERAL 
 

1.1 Description  
 
This work shall consist of loading and hauling material excavated from its original 
location to its final location in the work. It shall include dumping hauled material in a 
location that will facilitate placement under the Waste Pile Disposal work item, 
watering for dust control, and the installation and removal of temporary facilities 
such as fence, culverts, access/haul roads, etc. The work shall also include all 
signing and traffic control, including flagmen if necessary. This work also applies to 
hauling of cover soil and other miscellaneous excavated materials, where 
necessary. 
 
The material to be loaded and hauled is that material which is excavated as spoils 
material in Division 2-3, Excavation and Embankment.  And soil and rock that is to 
be used in the construction of the cap. 

 
 

PART 2 PRODUCTS  
 

2.1 Materials 
 

Materials for this item are covered under Execution. 
 
PART 3 EXECUTION 
 

3.1 Haul - All materials to be hauled shall be removed from their original location and 
placed in trucks or other suitable equipment capable of transporting the material 
without spillage. All vehicles shall travel on the designated haul routes in such a 
manner as to minimize damage to the surrounding vegetated areas.  

 
3.1 Weighing - All material to be hauled shall be weighed if weighing is required by 

the Proposal for basis of measurement and payment. If the commercial borrow 
pit is not equipped with a weight scale, the Contractor shall provide and erect a 
scale suitable for weighing entire haul vehicles or axles thereof to an accurate 
weight of 0.5% of the total weight. The Contractor shall furnish a competent scale 
tender and provide certified weigh tickets for each load. The scale and weighing 
operation shall be easily verifiable for accuracy by the Engineer. The Contractor 
shall also furnish weights for scale calibration. 

END OF SECTION 



DIVISION 1-71 
MOBILIZATION 

 
 
PART 1 GENERAL 
 

This item is intended to compensate the contractor for preparatory work, including, but not 
limited to, those necessary for the transportation and movement of personnel, equipment, 
supplies, and incidentals to the project site; for necessary permits; for the establishment of 
all offices and other facilities necessary for work on the project; for payment of premiums 
for bonds and insurance for the project; and for other work and operations that must be 
performed, or costs incurred before beginning work, on the various items on the project 
site. Mobilization costs for subcontracted work shall be considered to be included. In 
addition, any extra costs incurred not included in the Bid Documents shall be discussed 
between the Contractor and the Owner before continuing mobilization procedures or project 
execution. 

 
 
PART 2  PRODUCTS (NOT APPLICABLE) 
  
 It is the Contractor’s responsibility to provide a safe storage area for work materials until 

they have been integrated into the project execution. 
  
PART 3   EXECUTION (NOT APPLICABLE) 
 
 

END OF SECTION 
  



DIVISION 1-94 
ROADWAY OBLITERATION 

 
PART 1 GENERAL 

 
1.1 Description  

 
This item shall consist of obliteration and work to prevent erosion and encourage 
revegetation, in accordance with these specifications, of such roadways or work 
areas as are indicated in the Contract Documents or designated on the ground for 
obliteration. 

 
PART 2 PRODUCTS (NOT APPLICABLE) 
 
PART 3 EXECUTION 
 

3.1 General 
 
The obliteration of roadways shall consist of rough grading when needed, ripping, 
cross ditching, opening drainages, and final contouring of backfilled areas.  The 
work shall not commence until after the designated sections are no longer needed 
to serve traffic. 

 
A. Rough Grading:  
 Rough grading shall consist of filling the existing ditch and rough out 

sloping of the roadway.  The road shoulder shall be roughly broken down 
to present a more natural appearance. 

B. Ripping 
 After the rough grading has been completed, the area of the roadway shall 

then be ripped, scarified or plowed to a minimum 6-inch depth at maximum 
16-inch intervals and left in a condition suitable for reseeding or to 
encourage natural revegetation. 

C. Cross Ditching 
 After the rough grading and ripping have been completed, the roadway 
shall be cross-ditched at approximately 100-foot intervals.  These cross 
ditches shall be sloped with the grade and be cut to a minimum 8-inch 
depth below the roadbed, placing the excavated materials on the downhill 
side.  They shall extend from outside the shoulder line continuous into the 
back slope to form a positive intercepting ditch. 

D. Drainages 
 Live streams and other drainages shall be opened by removing the old 

structures and grading the approach fills so that they will in no way impair 
the flow in the channel.  Materials with salvage value shall be carefully 
removed as directed by the Engineer. 
  

 
END OF SECTION 



DIVISION 2-41 
DEBRIS AND STRUCTURE REMOVAL 

 
PART 1   GENERAL 
 

1.1 Description  
 

This work shall consist of the disposal of all debris and trash specifically including 
that from previous mining operations as designated on the Drawings and by the 
Engineer and the disposal of this debris in designated areas. Debris shall be 
defined as but not limited to the remains of any manmade objects found within the 
project limits. Debris removal shall also include the demolition and disposal of 
existing structures as indicated on the Drawings or designated by the Engineer. 
Structures shall be defined as but not limited to buildings, foundations, fences, 
abandoned pipe lines, vent pipes, utility facilities, etc. within the project limits. 

 
Some structures may be required to remain completely undisturbed for historical 
reasons. Such structures will be designated on the Drawings or by the Engineer. 

 
 

 
PART 2   PRODUCTS 
 

2.1 Cover Material 
 

Materials used for cover of debris in embankments or subsidence holes shall be 
clean and free of foreign material. 

 
PART 3   EXECUTION 
 

3.1 General  
 

The Contractor shall gather and dispose of all debris, trash, and structures as 
specified herein. Disposal may consist of burial, salvaging or off-site disposal of 
debris, trash, and structures. 

 
3.2 Burial 

 
All non-biodegradable materials such as but not limited to wire, rails, scrap metal, 
concrete, glass, etc. must be removed from the site and disposed of at an off site 
landfill or scrap metal facility.  The concrete mill foundation will be disposed of in 
the onsite repository. 

 
Burial of large amounts of combustible materials on-site will not be allowed. Burial 
of small amounts of combustible materials is at the discretion of the Engineer. 

 
3.3 Salvaging  
 

The Owner reserves the right to salvage any mining artifacts, historically significant 
materials, or other materials discovered at the site. The Contractor shall coordinate 
with the Engineer for the salvage of such material. Any other salvage not 
designated by the Owner shall become the property of the Contractor and must be 
removed from the site or disposed of as specified herein. 

 



All materials denoted to be salvaged shall be carefully moved and stockpiled in the 
areas designated. All salvaged materials shall be in sections or pieces that can be 
readily transported. Timber and other wood components shall be neatly stacked. 
Salvaged materials are not to be used by the Contractor in the course of his work. 

 
3.4 Off-site Disposal 
 

Any materials which cannot be gathered and disposed of on site by burial, burning 
or salvaging shall be hauled and disposed of at an approved legal off-site disposal 
area at no additional cost to the Owner.  

 
 

END OF SECTION 



DIVISION 2-66 
REPOSITORY CELL 

 
PART 1   GENERAL 
 

1.1 Description  
 

This work shall consist of excavating cell, excavation of waste rock and tailings, 
placing of waste rock in repository location, installing a HDPE liner, a final 24-
inch soil cover, and installing diversion trenches. The cell shall be constructed in 
accordance with the Contract Documents and specifications at the location 
shown on the Drawings.  

 
PART 2   PRODUCTS 
 
PART 3   EXECUTION 
 

3.1 General  
 

All products and execution shall be in accordance with the drawings and the 
following specifications. 

 
3.2 All waste rock located at or near the repository shall be excavated and placed 

within the repository foot print. Any trees or large bushes other than what has 
been salvaged, other than the root-balls, disturbed during construction shall be 
saved and placed on the top of the repository or disturbed area during seeding 
and mulching to help prevent erosion.  

 
3.3 Contractor shall comply with the Spill Prevention Control and Countermeasures 

(SPCC) Plan. The SPCC plan shall be submitted for approval 15 days prior to 
start of construction.  

 
3.4 Contractor shall comply with the Erosion and Sediment Control Plan. The plan 

shall be submitted for approval 15 days prior to start of construction.  
 
3.5 Contractor shall provide a Health and Safety Plan for approval at least fifteen 

(15) days prior to the start of construction. Contractor will be required to monitor 
and follow the approved plan at all times to insure the health and safety of its 
workers and all site visitors. 

 
3.6 Contractor shall insure all surface water runoff shall not pond or back flow to 

within 10 feet of repository.  
 

 
 

END OF SECTION 



DIVISION 31-5 
COVER SOIL 

 
PART 1   GENERAL 
 

1.1 Description   
 

Topsoil (A Horizon Material) and subsoil (B Horizon Material) shall be called cover 
soil after it has been excavated and shall be used to cover all areas to be seeded. 

 
A. Salvage and Replace On-Site Cover Soil Source. This work consists of 

site development, excavating, stockpiling, hauling, depositing, spreading, 
and preparing for seeding all topsoil and subsoil material to be used as 
cover soil.  

B. Provide Imported Cover Soil.  This work item includes performing all 
operations required for furnishing, excavating, hauling, stockpiling, 
spreading, and seedbed preparation of approved cover soil material from a 
site that is outside the project limits specified herein or shown on the plans. 
Imported cover soil sources will be determined by the Contractor and 
approved by the Engineer. 

C. Provide Imported stones and cobbles.  This work item includes performing 
all operations required for furnishing, excavating, hauling, stockpiling, and 
spreading stone and cobble materials from a site that is outside the project 
limits specified herein or shown on the plans. Imported stone and cobble 
sources will be determined by the Contractor and approved by the 
Engineer. 

 
 
PART 2   PRODUCTS 
 

2.1 On-site and Imported Cover Soil (Designated Source)  
 

Topsoil and subsoil shall be excavated to depths determined by the Engineer from 
areas not designated on the plans. The suitable topsoil and subsoil used as cover 
soil shall be reasonably free of trash, hard lumps of soil, stumps, or brush. Noxious 
weeds shall be pulled and disposed of properly before topsoil stripping. Suitable 
cover soil shall contain sod or soils with large amounts of humus and other organic 
materials to promote plant growth. Cover soil suitability will be determined by the 
Engineer. Suitable soil salvaged shall be stockpiled from unsuitable soil and shall 
be stored in a manner to prevent erosion or contamination. 

 
A. Imported Cover Soil (Contractor Source)  

 
Topsoil to be used as cover soil shall be fertile, friable material of an 
organic composition and characterized as loam, sandy loam, sandy clay 
loam, clay loam, silty clay loam, or silt loam in accordance with the USDA 
Soil Conservation Service textural classification. Topsoil material shall be 
reasonably free of trash, rocks, hard lumps of soil, stumps, and brush. The 
Contractor's proposed topsoil source shall not contain any "noxious 
weeds". If noxious weeds are found on the topsoil source site, the topsoil 
will be rejected and not used on the project. Clay textured soils with more 
than 40% clay shall be unsuitable. Topsoil shall meet the following 
requirements: 

  



 TABLE OF TOPSOIL GRADATION REQUIREMENTS 
     
   Max. % Of Soil 
 Fraction Particle Size (mm) (-10 Mesh) Fraction  
 
 Sand 0.05 - 2.0 70 
 Silt 0.002 - 0.05 70 
 Clay Less than 0.0023 40 
 Gravel Larger than 2.0 *Max % of total sample 
     
 
  The maximum concentrations of total metals in the topsoil shall not exceed the 

following levels: 
 
   Arsenic     30 milligrams per kilogram (ppm) 
   Cadmium      4  milligrams per kilogram (ppm) 
   Copper   100 milligrams per kilogram (ppm) 
   Lead    100 milligrams per kilogram (ppm) 
   Manganese   250 milligrams per kilogram (ppm) 
   Zinc     250 milligrams per kilogram (ppm) 

 
B. Imported Stones and Cobbles (Contractor Source) Stones and cobbles to 

be used in conjunction with cover soil shall have a diameter of 10 to 24 
inches and will be well graded, mixed and spread with the cover soil when 
capping waste rock piles.  

 
PART 3   EXECUTION 
 

3.1 Soil Salvage (Designated Source Site) 
 

A. Site Development. Site development performed by the Contractor will 
include clearing and grubbing as necessary to prepare the soil borrow area 
for topsoil and subsoil salvage. Clearing and grubbing consists of 
removing and disposing of trees, stumps, brush, roots, rock, logs, timber, 
debris, and other objectionable material as determined by the Engineer. 
The refuse resulting from this operation shall be removed and disposed of 
as are debris described in Division 5-1, Debris and Structure Removal. 

B. Topsoil and Subsoil Excavation. Where practical as determined by the 
Engineer, topsoil and subsoil shall be excavated and salvaged from the 
borrow area in separate operations. The first lift, comprised of existing 
topsoil, shall be stripped. The second lift, comprised of underlying subsoil, 
shall then be stripped separately. The exact depths of excavation shall be 
site specific as determined by the Engineer. 

  
First lift topsoil and second lift subsoil shall be stockpiled in separate piles 
and shall be located where they will not impair drainage. Stockpiles shall 
be shaped and smoothed to facilitate measurement of the piles. Where 
possible, topsoil and subsoil shall be hauled directly to the prepared areas 
to be covered. 

 
Materials excavated and stockpiled as described herein shall be removed 
in an operation separate from other excavation. Care shall be exercised to 
avoid the incorporation of any deleterious subsoils during this work. 

 



3.2 Provide Cover Soil (Contractor Source) 
 

For cover soil imported from a Contractor-determined topsoil source, the 
Contractor shall make arrangements for obtaining the soil. The Contractor shall 
pay all costs involved, including royalties and other costs for developing the source, 
including borrow site reclamation. These costs shall be included in the bid and no 
additional charges shall be made to the Owner. 

 
A. Cover Soil Placement (All Sources) 

 
Cover soil shall not be placed until the areas to be covered have been 
properly prepared and all construction work in the area has been 
completed and approved by the Engineer, including lime application. All 
slopes to receive cover soil shall have a rough surface. Smooth slopes 
shall be scarified parallel to the contour to facilitate holding cover soil in 
place.  Cover soil shall be applied in lifts no greater than 1-foot and 
compacted with track equipment. 

 
Ordinary sod or soil containing grass roots shall be broken up before being 
placed. Broken up sod or soil shall be capable of passing a 2-inch sieve 
opening. 

 
Cover soil material shall be placed on areas to be covered as the soil 
occurred naturally, with subsoil (second lift) material placed first and under-
neath the topsoil (first lift) material. The Engineer will determine the 
amount of soil to be left at the borrow area for borrow area reclamation. 

 
After the cover soil has been spread, all large roots over 6 inches in 
diameter; litter; or other foreign material (exposed iron, timbers, etc.) shall 
be raked up, removed from the seeding areas, and disposed of properly. 
The cover soil shall be brought to a friable condition to an average depth of 
4 inches. 

B. Site Reclamation  
 

After topsoil and subsoil removal, the Contractor shall grade the soil 
borrow site to existing contours and to provide positive drainage. The 
Contractor shall replace stockpiled cover soil to the borrow area. The 
borrow area shall be prepared for seeding, mulching, and fertilizing as are 
other areas receiving cover soil. 

 
END OF SECTION 



DIVISION 31-11 
CLEARING AND GRUBBING 

 
 

PART 1 GENERAL 
 

1.1 Description  
 
This work shall consist of clearing, grubbing, removing, burning, burying, and 
otherwise disposing of vegetation, dead woody material, and debris within the 
clearing limits as designated on the Drawings and by the Engineer. The Engineer 
may also designate certain trees and snags outside of the clearing limits for 
selective removal and disposal, as well as designate vegetation and objects 
designated to remain. Vegetation shall be preserved free from injury and 
defacement, however, if damage does occur by fault of the Contractor, it shall be 
replaced to the satisfaction of the Engineer at no cost to the Owner. 
 
All wastes accumulated during clearing and grubbing operations shall be 
disposed of by burning, burying, stockpiling on-site to be used in reclamation 
activities, or by removal off-site to a designated disposal facility. 

 
PART 2 PRODUCTS  (NOT APPLICABLE) 
 
PART 3 EXECUTION 
 

3.1 Clearing: Clearing shall consist of the felling of trees and disposal of stumps, 
brush, windfalls, logs, limbs, sticks, piles of sawdust, rubbish, debris, vegetation, 
and other objectionable matter existing within the clearing limits. 
A. Clearing Limits: The clearing limits shall be all areas within the neat lines of 

cut or fill areas. Unless specifically designated to be saved by the 
Engineer, all of the previously stated matter within the clearing limits shall 
be cut off and disposed of. 

B. Felling: Trees shall be felled within the clearing limits, typically toward the 
center, to prevent damage to trees designated to be left standing by the 
Engineer. Trees shall be cut from the top downward to minimize danger 
and damage to structures, other trees, or property. All stumps not to be 
grubbed shall be cut not more than the diameter of the stump, and not 
more than 12 inches above the ground. All sound, green logs or poles, 
having a diameter and length specified by the Engineer, shall be saved.  
Material to be saved will be stockpiled in an area readily accessible for 
loading and hauling equipment. 

C. Debris Removal: Waste resulting from clearing operations shall be 
removed according to specifications in Division 5-1, Debris and Structure 
Removal, to a location designated by the Engineer. If no specific site has 
been established, then the Contractor shall secure a waste site. Burning 
wastes is prohibited without granted permission. The Contractor is liable 
for any damages resulting from burning operations. 

 
3.2 Grubbing: Grubbing shall consist of the removal and disposal of roots, stumps, 

stubs, rock, roots, debris, and other objectionable matter from the grubbing limits. 
A. Embankment Areas (less than 3 feet in height): Grubbing shall consist of 

the removal of all biodegradable material (stumps, roots larger than 2 
inches in diameter, matted roots, duff), and other debris not suitable for 
roadway foundations. The resulting depressions are to be filled and 
compacted with material specified in the embankment. 



B. Embankment Areas (greater than 3 feet in height): Grubbing shall consist 
of the removal of all loose biodegradable material. Undisturbed stumps, 
roots, and nonperishable solid objects that will be a minimum of 3 feet 
below the finished embankment surface, except in those designed to 
impound water, need not be removed. 

C. Debris Removal: Waste accumulated during grubbing operations shall be 
disposed of as specified in Division 5-1, Debris and Structure Removal. All 
depressions below subgrade or below the final surface of the ground 
resulting from grubbing operations shall be backfilled with suitable material 
as specified in Division 2-3 Excavation and Embankment. 

 
 
 

END OF SECTION 



DIVISION 31-23 
EXCAVATION AND EMBANKMENT 

 
 
PART 1 GENERAL 
 

1.1 Description  
 
All excavation, embankment, and grading work shall be in accordance with these 
Specifications and in reasonably close conformity with the lines, grades, and 
elevations shown on the Drawings or as established by the Engineer. 

 
A. Excavation. This work shall consist of performing all operations necessary 

to excavate, grade, and dispose of all materials encountered during 
excavation. The work shall include structure excavation, excavation of 
mine working, ditch or channel excavation, and any general unclassified 
excavation. 

B. Embankment. This work shall consist of performing all operations 
necessary to prepare, backfill, compact, and grade all areas requiring 
embankment or fill. The work shall include structure embankment, dike 
embankment, backfilling mine workings and depressions, and cut and fill 
terracing. 

 
1.2 Submittals 

 
A. Moisture-density characteristics using AASHTO (American Association of 

State Highway and Transportation Officials) T-99 for embankment or 
backfill material and excavated sub-grades.  

B. Backfill imported from an off-site source shall be tested and submitted, 
including source location, gradation, and moisture-density characteristics. 

 
1.3 Reference Standards 

 
 Maximum density shall be determined by AASHTO T-99 and is defined as the 

maximum dry weight in pounds per cubic foot obtained when a material is mixed 
with different percentages of water and compacted in a standard manner. The 
percentage of water at which maximum density is obtained is termed the optimum 
moisture content 

  
 The percent compaction is defined as the density of the compacted layer 

expressed as a percentage of the maximum density of the material when tested in 
accordance with these Specifications. 

 

 Percent compaction =  Field Density  X 100 

     Maximum Density 
 

PART 2 PRODUCTS  
 

2.1 Materials 
 

A. On-site  – Suitable materials for embankments and backfill shall be taken 
from designated excavation areas. Stumps, trees, rubbish, vegetation, 
frozen lumps, or other unsuitable materials shall not be placed in 
embankments. Large rock will only be considered suitable if it does not 
adversely affect the requirements for compaction. 



B. Imported – Imported backfill materials shall meet the requirements 
specified in Part 2.1 (A) above and shall be approved by the Engineer prior 
to delivery of the material to the project. All areas used as a material 
source or for stockpiling shall be reclaimed by the Contractor at his cost. 

PART 3 EXECUTION 
 

3.1 General 
 
All excavation and embankment shall be considered unclassified and shall consist 
of the removal or disposal of any and all material encountered regardless of type or 
nature obtained within the construction limits. 

 
All suitable materials removed from excavation shall be used insofar as possible in 
construction of embankments, sub-grades, shoulders, slopes, bedding, and 
backfill. 
 
A. Site Preparation - as scheduled for excavation and embankment shall be 

cleared and grubbed in accordance with Division 2-2, Clearing and 
Grubbing. Prior to excavation and embankment work, all suitable topsoil 
and subsoil in the scheduled work areas shall be salvaged in accordance 
with Division 3-3, Cover Soil. 

B. Line and Grade Control- Prior to excavation, backfill, grading, and 
embankment operations, the Contractor shall perform all necessary 
surveys for control of line and grade and establish stable and protected 
monuments for reference throughout the construction period. A sufficient 
number of such monuments shall be provided throughout the work to 
permit verification of the work within the tolerances specified. 

 
3.2 Excavation 
 

A. General. The method of excavation shall be the Contractor's responsibility. 
All methods and equipment used shall result in finished work meeting the 
construction tolerances specified. No work shall be performed beyond the 
construction limits without prior written approval from the adjoining 
landowners and the Engineer. 

B. Dewatering. Ground water encountered during excavation shall be 
removed to avoid interfering with any construction activity. The cost of 
dewatering operations shall be merged with and considered part of the 
excavation cost. 

C. Shoring, Sheeting, and Bracing. The Contractor shall do all shoring, 
bracing, and tight sheeting required to prevent caving and to protect his 
workmen, in accordance with the Occupational Safety and Health 
Regulation Requirements, and to protect adjacent property and structures. 
These items shall be considered part of the excavation cost unless 
otherwise shown or specified for the project. 

D. Surplus and Waste Material. During excavation, where the ground 
foundation for embankments is composed of muck or other unstable 
materials, such materials shall be removed to the depth determined in the 
field by the Engineer and satisfactorily disposed. All holes created by 
removal of soft or unstable material shall be backfilled as specified for 
"Embankment". Backfill shall be obtained from the most select material 
encountered in excavation.  

 



All excavated material not used as mentioned above shall be used for 
embankment backfill or shall be wasted and disposed of by the Contractor 
at an approved disposal site. Finding disposal areas, placing waste 
material in these areas, and final leveling and cleanup of these disposal 
areas to the satisfaction of the property owner involved shall be entirely the 
Contractor's responsibility. 
 
When unsuitable material or debris is encountered during excavation, it 
shall be over-excavated until removed or until 1 foot below the established 
grade. Suitable material shall then be placed and compacted to bring the 
area to grade. 
 

E. Maintenance of Sub-grade and Drainage. During excavation, the sub-
grade shall be maintained in such a condition that it will be well drained at 
all times. Sub-grade treatments include soil modification by admixing 
aggregates, placing filter cloth, fiber mat, wood corduroy, rock blanket, or 
other similar materials over areas of unsuitable embankment material. 
Side ditches emptying from cuts to embankments shall be constructed to 
avoid damage by erosion. 
 
If it is necessary in the prosecution of the work to interrupt existing surface 
drainage, temporary drainage facilities shall be provided and maintained at 
the Contractor's expense until permanent drainage facilities are 
completed. The Contractor shall be responsible for all existing subsurface 
drains, conduits, utilities, and other underground structures that may be 
affected by the construction. The Contractor shall, at his own expense, 
repair all damage to facilities or structures, which results from any of his 
operations or his negligence. Erosion checks shall be constructed 
perpendicular to ditches. 
 

3.3 Trench Excavation 
 

A. Materials. Type 1 and Type 2 Pipe Bedding as determined by AASHTO 
and backfill material that was removed in excavation procedures.  

B. Execution.  
1. Type one excavations shall be used in most areas, however Type 

2 will be used when space is limited. All materials suitable for 
backfilling shall be stockpiled, while all materials unsuitable will be 
removed, Waste Pile Disposal. 

2. Grading shall be done as necessary to prevent surface water from 
flowing into excavations. 

3. When blasting rock in trenches, the contractor shall cover the area 
to be shot with earth backfill or approved blasting mats that will 
prevent the scattering of rock fragments outside the excavation 

4. Trenches shall be backfilled immediately after grade, alignment, 
and jointing of the pipe has been inspected and approved by the 
Engineer. Leakage, pressure, and alignment tests should be 
completed after backfill, and the Contractor is responsible for work 
required to correct any defects at no additional cost to the Owner. 

 
 



3.5 Embankment 
 

A. Foundation Preparation. Site preparation including topsoil salvage work 
shall conform to the requirements as specified herein. 

 
After topsoil stripping, all areas that will be receiving fill shall be scarified to 
a depth of 6 inches, watered, and compacted in conjunction with the first 
lift of new fill. When embankments are to be placed on a hillside, or where 
new fill is to be placed against existing embankment, the slope of the 
original hillside, or old fill respectively, shall be benched or stepped by 
cutting into it horizontally, for a minimum distance of 12 inches. Each 
bench shall be cut as close to the one below as the slope of the ground will 
permit. Materials thus cut out of the benches shall be incorporated into the 
new fill. Costs for constructing the benches shall be included in the price 
for the work performed herein, and no additional compensation will be 
allowed. 

B. Placement. Embankment and backfill materials shall not be placed until 
the required excavation and foundation preparation have been completed 
and the foundation has been inspected and approved by the Engineer. Fill 
materials shall not be placed upon frozen surfaces, surfaces covered in 
snow or ice, or upon frozen materials.  
 
Embankment shall be constructed of materials excavated on-site or 
borrowed materials from approved sources. Embankment shall be placed 
to the lines and grades indicated in uniform layers as required to obtain the 
specified compaction throughout the embankment. Each layer of 
embankment shall be completed, leveled, compacted, and tested, if 
required, before the succeeding layer is placed. The embankment surface 
is to be kept level and uniform at all times. 
 
Embankment material shall not be excessively dry or wet when placed. If 
necessary, the Contractor shall manipulate the material as required to 
assure that compaction will be performed at or near the optimum moisture 
content given in the moisture-density curve.  
 
If it should become necessary because of weather or other conditions to 
suspend grading operations, the entire area worked upon shall be bladed 
until smooth, free of depressions and ruts, and crowned so no water can 
collect or be impounded. 
 
Areas inaccessible to rollers shall be compacted by hand or mechanical 
tampers or other means until the density conforms to adjacent 
embankment, compacted in accordance with these Specifications. 
 
Embankment constructed during the winter shall be refinished to grade, 
cross-section, and compaction requirements after the frost is out of the 
ground and the embankment is in suitable condition for work. 
 
 

3.6 Removal and Placement of Defective Fill - Embankment and backfill materials not 
conforming to the density and moisture requirements shall be reworked until the 
requirements are achieved or removed and replaced by acceptable fill. The 
replacement fill, foundations, abutment and fill surfaces upon which it is placed 
shall conform to all requirements of specifications for Foundation Preparation, 
Placement, Moisture and Density Requirements contained herein. 

 



3.7 Moisture and Density Requirements - Each layer of embankment and backfill 
material shall be compacted until the in-place density exceeds 85% of its maximum 
dry density. In no case will compaction be less than that of adjacent undisturbed 
material. For structure embankments, compaction shall be 95% of maximum. For 
excavation cuts, compaction shall be equal to or greater than that of the adjacent 
undisturbed material. Cost of compaction, rolling, and watering is incidental to the 
earthwork bid item listed on the Proposal. 

 
Water required shall be sufficient to obtain optimum moisture content plus or minus 
a minimum 3% as determined by AASHTO T-99, ASTM D 698, Standard Proctor 
Method A, B, C, or D, as applicable. The Engineer may periodically measure the 
degree of compaction (field density) during embankment construction. 
Measurements will be based on optimum moisture and maximum density curves 
submitted. 
 
Field or in-place density refers to the dry density expressed in pounds per cubic 
foot of a layer of compacted material in place at the site as determined by a sample 
representative of the compacted layer. The field density shall be determined in 
accordance with AASHTO T-147, AASHTO T-181, ASTM D 1556,or ASTM D 
2167. 

 
3.8 Fine Grading - After the earthwork has been substantially completed and after all 

underground utilities, drainage facilities, etc. have been installed or adjusted to 
grade, the embankment shall be brought to the lines, grades, and cross-sections 
shown on the Drawings, and compacted to the required density. 

 
The Contractor shall increase heights above grade and increase widths as 
necessary to allow for settlement, consolidation, or compaction.  Side slopes shall 
be finished to a reasonable uniform but rough surface that blends to the contours 
of surrounding undisturbed ground. Smooth surfaces shall be scarified 
perpendicular to the slope of the ground. 

 
3.9 Topsoil and Clean Up - After fine grading work is accepted, salvaged topsoil shall 

be replaced to cover those areas to be seeded and according to Division 3-3, 
Cover Soil. 
 
The Contractor shall remove all tools, equipment, excess materials, debris, etc. 
from the vicinity of the work. 
 
 

END OF SECTION 



DIVISION 31-25 
SOIL EROSION AND SEDIMENT CONTROL 

 
PART 1 GENERAL 
 

1.1 General 
 

Short-term sediment collection for construction activities. 
 

1.2 Submittals 
 

A.  Submit manufacturer’s certification that sediment collection systems meet 
or exceed specified requirements. 

B.  Submit manufacturer’s installation instructions and maintain copy at the 
jobsite. 

 
1.3 Delivery, Storage and Handling 

 
A.  Unload, store and load sediment collection materials in a manner which 

prevents damage or excessive exposure to sunlight and weather. 
 

PART 2 PRODUCTS  
 

2.1 Erosion and Sediment Control Systems 
 

A.  Comply with type of sediment collection systems indicated in the Contract 
Documents. 

B.  If sediment collection systems are not specified, use any of the alternate 
materials meeting the minimum requirements of this section and the 
approved Erosion Control Plan. 

C.  Provide sediment collection materials and use in accordance with the 
governing agency. 

 
2.2 Inlet Protection 

 
A. Provide a filtering system around an inlet or drain to trap sediment and 

prevent the sediment from entering the culvert system. Systems include 
filter fabric inlet protection, gravel inlet protection, bar screens, or block 
and gravel inlet protection. 

 
2.3 Straw Bale Barrier 

 
A. Provide a temporary sediment barrier consisting of a row of entrenched 

and anchored straw bales. 
B. Bales to be made of densely packed cut straw securely bundled by bailing 

twine or wire.  The material must be certified as weed-free. 
 

2.4 Temporary Berm 
 

A. Provide a temporary berm or ridge of compacted soil or sandbags, which 
will intercept and divert runoff from the construction areas. 

B. Construct soil berm from embankment materials or with high-quality 
sandbags.  

 



2.5 Sediment Basin 
 

A. Provide a temporary basin to collect, trap, and store sediment produced by 
construction activities. 

B. Construct sediment basins using excavation and embankment materials 
by either excavating the basin or by placing an earthen embankment 
across a low area or drainage swale.  Provide a riser and pipe outlet with a 
gravel outlet or spillway to slow the release of runoff. 

C. Fill material should be taken from approved designated areas, and should 
be of the type and quality conforming to that specified for the adjoining fill 
material.  It should be free of roots, woody vegetation, oversize stones, or 
other objectionable materials.  Do not use frozen material. 

 
2.6 Silt Fence 

 
A. Provide temporary sediment barrier consisting of a filter fabric stretched 

and attached to supporting posts, with wire fence backing as required by 
the type of fabric employed. 

B. Silt fences may be made of burlap or various synthetic materials.  
Acceptable synthetic materials are pervious polypropylene, nylon, and 
polyester or polyethylene yarn.  

C. Design Life: 6 months for synthetic fences, 2 months for burlap. 
 

2.7 Culvert Riser 
 

A. Provide a perforated metal pipe attached to a culvert inlet and extending 
upward to allowing the inlet area to serve as a temporary sediment trap for 
the construction area. 

B. Provide materials for the culvert riser that are consistent with the culvert 
upon which they are attached. 

 
PART 3 EXECUTION 
 

3.1. Examination 
 

A. Verify that slope contours are to required alignment and grade.  Place 
sediment collection system on all drainage ways downstream of disturbed 
areas of construction and as directed by the Engineer and as indicated in 
the Contract Documents. 

B. Examine sediment collection material and equipment for defect or 
damage. 

C. Verify sediment collection material and equipment delivered to site meet 
the requirements of the Contract Documents. 

D. Provide sediment collection facilities in accordance with governing agency. 
E. Install sediment collection systems. 
 

3.2. Inlet Protection 
 

A. Height of Filter Fabric:  Limit height of the filter fabric to 15 inches above 
the crest of the drop inlet. 

B. Sump:  Where possible, provide a filter fabric or block-and-gravel 
protection device with a sediment-trapping sump.  

C. Orientation: Place the longest dimension of the basin toward the area of 
greatest flow. 



D. Filter fabric: 
1. Stakes: Place a stake at each corner of the inlet and around the 

edges at no more than 3 feet apart.  Drive the stakes into the 
ground a minimum of 8 inches. 

2. Frame:  For stability, install a framework of wood strips around the 
stakes at the crest of the overflow area, 18 inches above the crest 
of the drop inlet. 

3. Excavate:  Excavate a trench 8 inches to 12 inches deep around 
the outside perimeter of the stakes.  If a sediment-trapping sump 
is being provided, then the excavation may be as deep as 24 
inches. 

4. Staple:  Staple the filter fabric to the wooden stakes with heavy-
duty staples, overlapping the joints to the next stake.  Ensure that 
12 inches to 30 inches of filter fabric extends at the bottom so it 
can be formed into the trench. 

5. Completion:  Place the bottom of the fabric in the trench and 
backfill the trench all the way around, using washed gravel to 
minimum depth of 4 inches.  Use enough gravel to ensure contact 
between the filter fabric and the underlying surface. 

E. Gravel and Mesh: 
 

1. Preparation:  Remove any obstructions to excavating and grading.  
Excavate sump area, grade slopes, and properly dispose of soil. 

2. Secure Inlet:  Prevent seepage of sediment-laden-water. 
3. Wire Mesh:  Place wire mesh over the drop inlet so the wire 

extends a minimum of 12 inches beyond each side of the inlet 
structure.  Overlap the strips of mesh if more than one is 
necessary. 

4. Fabric:  Place filter fabric over the mesh, extending it at least 18 
inches beyond the inlet opening on all sides.  Ensure that weep 
holes in the inlet structure are protected by filter fabric and gravel. 

5. Stone:  Place stone or gravel over the fabric/wire mesh to a depth 
of at least 12 inches. 

F. Block and Gravel 
1. Preparation:  Secure the inlet grate to prevent seepage of 

sediment-laden water. 
2. Wire Mesh:  Place wire mesh over the drop inlet so the wire 

extends a minimum of 12 to 18 inches.  Overlap the strips of mesh 
if more than one is necessary. 

3. Fabric:  Place filter fabric (optional) over the mesh and extend it at 
least 18 inches beyond the inlet structure. 

4. Blocks:  Place concrete blocks over the filter fabric in a single row 
lengthwise on their sides along the sides on the inlet.  Excavate 
the foundation a minimum of 2 inches below the crest of the inlet.  
The bottom row of blocks should be against the edge of the 
structure for lateral support. 

5. Orientation:  The open ends of the block should face outward, not 
upward, and the ends of adjacent blocks should abut.  Lay one 
block on each side of the structure on its side to allow for 
dewatering of the pool. 

6. Dimensions:  The block barrier should be at least 12 inches high 
and may be up to a maximum of 24 inches high.  It may be from 4 
inches to 12 inches deep, depending on the size of block used. 

7. Finishing:  Prior to backfilling, place wire mesh over the outside 
vertical end of the blocks so that stone does not wash down the 
inlet. 



8. Gravel:  Place gravel against the wire mesh to the top of the 
blocks. 

G. Remove accumulated sediment and restore the trap to its original 
dimensions when sediment has accumulated to half the design depth of 
the trap.  Sediment should be disposed at an approved site in a manner 
that will not contribute to additional situation. 
A. Gravel-and-Mesh Devices:  Clean (or remove and replace) the 

stone filter or filter fabric if it becomes clogged. 
B. Filter Fabric Devices:  Replace the fabric immediately if it 

becomes clogged.  Make sure the stakes are firmly in the ground 
and that the filter fabric continues to be securely anchored. 

H. Inlet protection should remain in place and operational until the drainage 
area is completely stabilized or up to 30 days after the permanent site 
stabilization is achieved. 

 
3.3. Straw Bale Barriers 

 
A. Do not use straw waddles where flow rate exceed 1 cubic foot/second or 

the drainage area is greater than 1.25 acres. 
B. Provide an undisturbed buffer zone of 3 to 6 feet as necessary between 

the barriers and surface waters to allow safe removal of the barrier and of 
accumulated sediments. 

C. Embed bales to a minimum depth of 6 inches and backfill for the entire 
length of the barrier.  Each bale should be securely anchored into the 
ground. 

D. Install straw bale barriers at the toe of slopes prior to disturbing the slopes.  
Install the bales a short distance away from the toe of the slope and 
outside of any ditch channel. 

E. Place the bales in a single row lengthwise on the contour for sheet flow 
applications, or perpendicular to the contour in concentrated flow 
applications.  When flows are expected to be high enough to surpass the 
infiltration capacity of the bales, the center (low point) bales shall be 
wrapped in filter fabric with a 3 foot tail stapled securely and extending 
from the down gradient side of the barrier to prevent scouring.  The ends 
of the adjacent bales must tightly abut one another. 

F. Fill all gaps between bales with tightly wedged straw.  For concentrated 
flow applications, extend the end of the barrier so that the bottom of the 
end bales are at a higher elevation than the top of the lowest middle bale 
to assure that sediment laden water flows through or over the barrier 
instead of around the ends of the barrier. 

G. Perform one inspection during the first runoff-producing event after the 
installation of the barriers to assure proper functioning.  Immediately repair 
damaged bales, undercutting, or end runs.  Replace bales as needed due 
to disintegrations or totting. 

H. Remove accumulated sediment and dispose at an approved site in a 
manner that will not contribute to additional situation. 

 
3.4. Temporary Berms 

 
A. Provide berms to prevent minor runoff onto newly constructed slopes until 

vegetation is established or until permanent measures are in place. 
Provide berms to intercept flow from the construction area and direct it to 
sediment removal facilities prior to discharge. 



B. Construction: 
1. Soil Berm:  Grade to drain to a slope drain inlet.  Construct 

embankments with a gradual slope to one side of the 
embankment to permit the placement of all temporary berms and 
slope drains on one side of the embankment.  When fills are 
constructed on side hill slopes, slope the top surface toward the 
inside so that surface runoff will be away from the fill slope.  
Compact the entire width of the berm. 

2. Sandbag Berm:  Install so that flow under or between bags is 
prevented.  Stack the sandbags in an interlocking fashion to 
provide additional strength for resisting the force of the flowing 
water.  However, do not stack them more than three high without 
broadening the foundation using additional sandbags, or providing 
additional stability. 

C. Inspect and repair temporary berms periodically as well as after each 
significant rainfall.  For sandbag berms, reshape or replace sandbags as 
needed during inspection.  When sediment reaches 6 inches, remove the 
accumulated sediment and dispose at an approved site in a manner that 
will not contribute to additional siltation.  Leave berms in place until all 
upstream areas are stabilized and accumulated sediment has been 
removed.  Remove sandbags by hand. 

 
3.5. Sedimentation Basins 

 
A. Provide sediment basins where physical site conditions or land ownership 

restrictions preclude the effective use of barrier-type erosion control 
measures.  Provide sediment basins for disturbed areas of more than 10 
acres within the same drainage basin or where operations expose critical 
areas to soil erosion. 

B. Volume and Configuration of Basin: 
1. Small Areas:  Provide at least 65 cubic yards/acre of total 

drainage area. 
2. Larger Areas:  For areas greater than 10 acres within the same 

drainage basin provide at least 130 cubic yards/acre of total 
drainage area. 

3. Baffles and Spillway:  Install baffles or other deflectors to spread 
the flow throughout the basin.  Install an emergency spillway and 
riser pipe(s). 

4. Depth and Surface Area:  Determine the surface area based on 
the Drawings with a minimum of 3 feet of sediment storage and 
3:1 side slopes. 

5. Approval:  Submit design of the sediment basin and obtain 
Engineer’s approval prior to construction. 

C. Construction Requirements: 
1. Placement:  Install the temporary sediment basin before clearing 

and grading is undertaken.  Locate the dam to provide maximum 
volume capacity for sediment behind the structure.  It should not 
be built within an active stream channel.  Install fencing around the 
basin, as necessary to ensure public safety. 

2. Preparation: Prepare the dam site by clearing vegetation and 
removing topsoil before beginning dam construction.  For areas 
under the embankment and any structural works, lea, grub, strip 
topsoil to remove all trees, vegetation, roots and other 
objectionable material.  To facilitate clean out and restoration, 
clear the pool area of all brush, trees or other debris. 



3. Spillway Bed:  Level the bed for the pipe spillway to provide 
uniform support through its entire length under the dam. 

4. Spillway:  Construct an emergency spillway on undisturbed soil 
and not on fill.   

5. Piping:  Secure all pipe joints and fasten watertight.  Fasten the 
riser rigidly and securely to the barrel and seal watertight.  Place 
the barrel on a firm foundation according to the lines and grades 
shown on the approved Contract Documents. 

6. Backfill:  Place at least 24 inches of hand-compacted backfill 
(maximum 6 inch lifts) over the pipe spillway before crossing it 
with construction equipment.  Control the movement of the hauling 
and spreading equipment over the fill so that the entire surface of 
each lift will be traversed by not less than one tread tract of the 
equipment. 

7. Discharge:  The pipe spillway should discharge at ground 
elevation below the dam, and not more than 12 inches above any 
streambed. 

8. Placement of Fill:  Scarify areas on which fill is to be placed prior 
to placement of fill.  Place fill materials in 6-inch maximum lifts, 
compacted by construction equipment.  Provide continuous 
horizontal lifts over the entire length of the fill. 

9. Stabilization:  Stabilize the embankment and emergency spillway 
with vegetation or other stabilization measures. 

D. Sediment basins should be readily accessible for maintenance and 
sediment removal.  Inspect after each rainfall and clean out when half the 
available sediment storage volume has been filled with sediment.  Dispose 
of removed sediment and stabilize in an approved location such that 
sediment does not re-enter waters.  Sediment may not be dumped into 
any water of the U.S. without appropriate permitting. 

E. Operate and maintain the sediment basin until the drainage area is 
permanently stabilized by vegetation or other permanent controls. 

 
3.6. Silt Fence Barriers 

 
A. Provide silt fences near the perimeter of a disturbed area to intercept 

sediment while allowing water to percolate through. 
B. Provide silt fences along the toe of fills, on the downhill side of large 

through-cut areas, along streams, at natural drainage areas and above 
interceptor dikes and as indicated in the Contract Documents. 

C. Construct the silt fence after cutting and slashing of trees and before 
excavating haul roads, fill benches, or any soil disturbing construction 
activity in the drainage areas. 

D. The silt fences must remain in place until the disturbed areas are 
permanently stabilized. 

E. Construction Requirements: 
1. Maximum Height of the Filter Fence depends on the amount of 

upslope ponding expected. 
2. Post Spacing:  10 feet apart when a wire mesh support fence is 

used and no more than 6 feet apart when using extra-strength 
filter fabric (without a wire fence).  The posts should extend at 
least 18 inches into the ground. 

3. Trench: Excavate a trench about 6 inches wide and 4 to 12 inches 
deep along the upslope side of the line of posts. 



4. Fastening: If standard strength filter fabric is to be used, fasten the 
optional wire mesh support fence to the upslope side of the posts 
using heavy duty wire staples, tie wires, or hog rings.  Extend the 
wire mesh support to the bottom of the trench. 

5. Extra Strength Filter Fabric: Does not require a wire mesh support 
fence.  Staple or wire the filter fabric directly to the posts and 
extend 8 to 18 inches of the fabric into the trench. 

6. Trees: Do not attach filter fabric to trees. 
7. Joints: Splice fabric together only at a support post, with a 

minimum 6 inches overlap, and securely seal the joint. 
8. Backfill:  Backfill the trench with compacted soil or ¾ inch 

minimum diameter gravel placed over the filter fabric. 
F. Inspect silt fences periodically for damage (such as tearing by wind, 

animals, or equipment) and for the amount of sediment, which has 
accumulated.  Remove the sediment when it reaches one-half the height 
of the silt fence.  In situations where access is available, machinery can be 
used.  Otherwise, the silt must be removed manually. 

G. Remove sediment deposits when heavy rain or high water is anticipated.  
Place the sediment deposits in an area where there is little danger of 
erosion. 

 
3.7. Culvert Risers 

A. Provide risers at culvert inlet that receive runoff from upstream 
construction sites or from other erodible areas.  Do not use for drainage 
areas larger than 1.25 acres. 

B. Determine the volume of the water storage for the culvert riser based on 
the total drainage area upstream in accordance with the specifications for 
Sediment Basins.  Ensure water impoundment will not extend to private 
property unless authorized in writing by the property owner. 

C. Install the culvert riser according to the Contract Documents.  Fasten the 
riser pipe rigidly and securely to the culvert barrel.  Seal the joint so that it 
is watertight. 

D. Inspect the rise periodically and following runoff-producing storms.  
Remove accumulated sediments to restore the design capacity of the 
sediment deposit area.  Dispose of sediment where they are not likely to 
reenter stream flow or surface runoff. 

E. Remove culvert risers after permanent erosion control measures are in 
place. 

 
 

END OF SECTION 



DIVISION 31-32 
Geosynthetic Soil Stabilization and Layer Separation 

PART 1   GENERAL 
  

1.1 Description  
 

This subsection covers the construction of a flexible geosynthetic fabric as shown 
on the Drawings. The work includes site preparation, placement of fill material, 
furnishing and installing the fabric, and any incidental work required. 

 
1.2 Unit System Responsibility   
 

The flexible geosynthetic fabric along with related accessories as specified 
hereunder shall be provided as a system with complete unit responsibility by the 
system manufacturer as to manufacture, installation, and warranty. Manufacturers 
of component materials or equipment used in the liner system may additionally be 
held responsible for their products at the discretion of the system manufacturer. 

 
1.3 Submittals 

 
The following information shall be required in accordance with the Supplementary 
Conditions: 

 
Fill material source and gradation. Shop drawings, including: fabric dimensions, 
mounting details, panel, and seam layout. 
 
Manufacturer's catalog cuts, product and materials specifications, and material 
samples. 
 
Manufacturer's certification, installation recommendations, and warranty. fabric 
seaming methods (factory and field) including: cleaning and bonding materials, 
stitching, sealants, methods, and equipment. 
 
Shipping, handling, and storage recommendations for uninstalled materials. 
 

 
 
PART 2   PRODUCTS 
 

2.1 General 
 

Flexible geosynthetic fabric shall be manufactured from first quality materials that 
are highly resistant to bacteriological deterioration and certified by the 
manufacturer as being suitable for the work and as meeting these Specifications. 
Materials shall be new and the products of recognized, reputable manufacturers. 
Used, reprocessed, or remanufactured products or materials are not acceptable. 

 
The geosynthetic fabric system manufacturer shall be responsible for preparation 
and submission of the final liner design and details in accordance with the 
requirements for submittal review. The design concept as indicated on the 
Drawings shall be used as a guide; the requirements of these Specifications shall 
govern nonetheless. 
 

2.2 Geosynthetic Fabric 
 



Geosynthetic fabric manufactured from polyvinyl chloride (PVC) plastic and woven 
or non-woven fabric, shall be factory fabricated to the width and length specified on 
the Drawings.  Factory joints shall have strength of 80% of the specified sheet 
strength. 

 
2.3 High Density Polyethylene (HDPE) Liner 

 
A. HDPE Sheeting. Sheeting material for use in the liner shall be 60 mil 

nominal thickness polyethylene prepared from virgin, unblended 
polyethylene film grade resin prepared by polymerization of no less than 
85% ethylene and containing no less than 95% by weight of total oilfins. 
The compound shall be adequately stabilized against oxidation and effects 
of ultraviolet light. Antioxidant levels shall be sufficient to endure 
compounding, sheet processing, seam fabrication, and 25 years of service 
life. Antioxidant levels shall be such that 80% remains unconsumed in the 
sheet product. Compounding of the polyethylene materials shall be done 
independently of the sheet manufacturing process. Pigmenting shall be 
with 2% to 3% by weight of 20 nanometer nominal size carbon black 
particles. Finished sheets shall be smooth on both sides and free of die 
lines, streaks, blisters, contaminants, agglomerates, poorly dispersed 
ingredients, pinholes, edge nicks, or other manufacturing or handling 
defects. Additionally, the material shall meet the following test conditions 
and shall be NSF approved for potable water: 

  
B. Seaming. Seams in HDPE shall be by heat fusion using equipment and 

procedures as recommended by the sheeting manufacturer. 
 
 

2.4 Fill and Cover Material  
 

A. Fill Material required below the liner shall be to the thickness shown on the 
Drawings. Fill material shall be uniformly graded, clean rounded sand 1/4 
inch in diameter or less. 

 
B. Cover material to be placed on the liner shall be to the thickness shown on 

the Drawings. Cover material shall be free of large clods, sharp rocks, 
sticks, and other objects that can puncture the lining. 

 
PART 3   EXECUTION 
 

3.1 General 
 

A. Workmen. Liner installation shall be performed by qualified, adequately 
supervised workmen. The following requirements apply if more than 
10,000 square feet of liner is to be installed at any one location: 

 
1. Manufacturer's Supervision. The liner system manufacturer or 

supplier shall have available on-site a minimum of 2 qualified field 
representatives familiar with the installation of like systems during 
all phases of assembly and installation. The representatives shall 
have direct experience in such capacity within a minimum of 5 
similar installations; this experience shall be documented in 
accordance with the requirements for submittal review. 

 



2. Inspection. Prior to commencing liner system installation, the 
manufacturer's representatives shall inspect and certify the fitness 
of the subgrade to receive the liner. This certification shall be 
provided in writing. Any deficiencies or additional preparation 
noted shall be promptly corrected prior to beginning liner 
installation. 

 
3. Manufacturer's Instructions. No later than the time of liner 

materials delivery to the site, manufacturer's complete instructions 
for handling, storage, assembly, and installation of the liner 
system shall be available to the Contractor, Engineer, and Owner. 

 
3.2 Subgrade Preparation  

 
The area to be lined shall be drained and allowed to dry until firm enough for 
equipment to operate without rutting. 

 
The surface to be lined shall be smooth and free of projections that can damage 
the lining. Stumps and roots shall be removed. Rocks, hard clods, and other such 
material shall be removed, rolled so as to provide a smooth surface or covered with 
a cushion of fine soil. The smoothed subgrade will limit liner bridging to less than 1 
inch. 

 
The subgrade to be lined shall be graded to lines and dimensions shown on the 
Drawings. Fill material as required shall be placed to the thickness shown on the 
Drawings. 

 
3.3 Terminal Edge Anchor Trench 

 
An anchor trench shall be excavated and the liner shall be backfilled along the 
terminal edges of liner. Anchor trenching and backfilling shall be constructed 
around the area to be lined according to manufacturer's recommendations and as 
shown on the Drawings. 

 
3.4 Liner Installation 

 
A. General. The liner shall be placed over the surface to be lined in such a 

manner as to assure minimum handling. Liner installation shall be 
performed in complete accordance with the instructions of the 
manufacturer. Installation shall be performed in such a manner as to avoid 
cutting or damaging any portions of the membrane and shall provide for 
relief of all unintended residual stresses or folds in the membrane at the 
completion of installation. 

 
B. Field Seams, Patching, and Joints to Structures. All field constructed 

seams shall be lapped per manufacturer's recommendations. Contact 
surfaces shall be wiped clean to remove all dirt, dust, or foreign materials. 
Sufficient and appropriate adhesive shall be applied to the seams to be 
joined, and the 2 surfaces shall be pressed together as recommended by 
the manufacturer. All seam wrinkles shall be smoothed and/or repaired by 
patching. All seam joints shall be tightly bonded. 

 
All patching to the liner shall be of like materials. Any lining surface 
showing injury due to scuffing, penetration by foreign objects or distress 
from rough subgrade shall be replaced or covered and sealed with an 
additional liner patch of the proper size. 



 
Liner joints to structures shall be clean, cured with the proper compounds, 
and fastened according to manufacturer's recommendations or as shown 
on the Drawings. 

 
C. Post-Installation Inspection and Certification. After installation of the liner 

but prior to covering the liner, the manufacturer's representatives shall 
inspect and issue written certification of the propriety of such installation. 
The manufacturer's representatives shall furnish a completion certification 
report summarizing inspections made, installation activities, and 
certification that the completed installation meets with their approval. The 
certification shall also identify initiation of the manufacturer's warranty 
period. 

 
D. Cover Material. The cover material shall be placed on the liner to the depth 

specified on the Drawings, without damage to the liner. The Engineer and 
manufacturer's representative shall be present during liner covering. 
Driving on the liner shall be permitted only when the liner has been first 
covered with 12 inches of suitable material. Equipment travel on the liner 
will be kept to a minimum and only rubber-tired vehicles or tracked 
vehicles without grousers will be allowed. 

 
Any damage to the liner shall be repaired and the manufacturer's warranty 
shall take effect after the cover soil has been fully completed. 

 
E. Cleanup. After completion of cover installation, the site shall be thoroughly 

cleaned of all construction debris, tools, and foreign materials. 
 

 
END OF SECTION 



DIVISION 31-70 
CLOSE MINE OPENINGS 

 
PART 1 GENERAL 
 

1.1 Description  
 

This work shall consist of permanently closing all mine openings, a shaft is a 
vertical opening, and any opening basically in a horizontal plane will be considered 
as an adit. 
 

1.2 Conditions 
 

The site conditions vary at each location of the mine (east and west).  The 
contractor shall carefully evaluate the hazards of each site and the work necessary 
to close each opening. 
 

1.3 Submittals 
 

Contractor shall provide information on the material to be used for the adit closure 
per the submittal requirements for those material subsections of this Section. 

 
PART 2   PRODUCTS 
 

2.1 Riprap 
 
Riprap used to close or seal mineshafts shall be placed with an excavator or hand-
laid and random riprap. 

 
2.2 Other Backfill Materials 
 

All other suitable materials adjacent to the mine openings shall be used as backfill 
material, but this material shall not interfere with the placement of the riprap 
closure.  Materials below adits and shafts shall be pushed up into the openings 
insofar as possible. 
 
The Contractor may be required to provide additional backfill materials to close the 
openings.  Additional materials shall be obtained from borrow sources approved by 
the Engineer. 

 
2.1 Polyurethane Foam (PUF) 

 
Foam used to close or seal mine openings shall be mixed, applied, and handled as 
per the manufacturer recommendations. 
 

PART 3 EXECUTION 
 

3.1 Site Preparation 
 

All exposed timbers, ties, brush, trees, trash, and other combustible materials 
found in the mine opening work area shall be disposed of as specified in Division 
2-2, Clearing and Grubbing.  In no case will such material be placed within the 
mine opening or in the mine. 
 
Metal, steel pipe, rails, concrete, and other like structural materials found in the 
mine opening shall be broken down and disposed of. 



 
Any portion of an entrance structure that would be exposed after the closure and 
reclamation of the opening shall be removed to a minimum of 1 foot below the 
finished ground surface.  The limits of the closure work shall be determined by the 
Engineer prior to commencing with the closure work. 
 

3.2 Topsoil Savage 
 

All topsoil and other suitable surface soil shall be salvaged from any area to be 
disturbed by the closure work and stockpiled as specified in Division 3-3, Cover 
Soil. 
 

3.3 Drainage 
 

Any mine opening discharging water will require construction of a drainage facility. 
 

3.4 Shaft Closure 
 

Shafts shall be backfilled with approved materials in such a way as to provide a 
permanent and complete blockage of the shaft.  Complete blockage of the shaft is 
achieved by filling the entire area across the shaft and the drift below the shaft, 
which is necessary to support the backfill.  Riprap will be placed to prevent future 
sloughing from the shaft into the drift.  Material will be carefully and methodically 
placed to prevent bridging. 
 
Mounding of backfill materials above the surrounding ground will be required.  
Materials used to construct the mound shall be compacted by operating 
construction equipment uniformly over the shaft.  Final grading shall result in 
positive drainage of all areas. 
 
In the event of the use of a PUF, all manufacturer specifications will be followed 
and adhered to. 
 

3.5 Topsoil Replacement 
 

After all other operations are completed and accepted by the Engineer, all 
available topsoil previously salvaged shall be spread uniformly over the disturbed 
areas and left with a rough surface texture without depressions where water will 
collect as specified in Division 3-3, Cover Soil. The entire area shall be cleaned of 
all surface debris and left with a neat appearance. 
 

END OF SECTION 



DIVERSION 33-42 
CULVERTS 

 
PART 1   GENERAL 
 

1.1  Description - A water conveyance conduit is a pipe or culvert installed beneath 
the surface of the ground with or without inlet devices to collect surface and 
subsurface water and to convey it to a suitable outlet without causing damage by 
erosion or flooding. This practice applies where: 
A.  Excess surface and subsurface water needs to be disposed of 
B.  A buried outlet is needed for diversions, 
C.  An underground outlet can be installed to safely dispose of excess water, 
D.  Surface outlets are impractical because of stability problems, climatic 

conditions, land use, or equipment traffic. 
 
PART 2 PRODUCTS 
 

2.1  CONSIDERATIONS- A pipe or culvert installed in or discharging to a stream will 
require a state permit under the Natural Resource Protection Act, unless that 
pipe or culvert is temporary in nature.  

 
 
PART 3 EXECUTION 
 

3.1  Capacity- The underground outlet shall be designed with adequate capacity to 
ensure that the system functions according to the standards for the specific 
practice. For example, an underground outlet can be used in combination with a 
diversion, waterway, or a surface drain to carry part or all of the design flow. The 
capacity of the underground outlet for natural basins must be adequate for the 
intended purpose without causing damage to local works of improvements. The 
size (frequency in years) of the design storm will be based on state or local 
regulations as appropriate. 

 
3.2  Inlet-  An inlet can be a catch basin, collection box, a perforated riser, or other 

appropriate devices. Its capacity shall be adequate to provide the maximum 
design flow in the conduit or a flow-control device should be installed. Perforated 
risers must be of durable material, structurally sound, and resistant to damage by 
rodents or other animals. Catch basins must be large enough to facilitate 
maintenance and cleaning operations. The inlet must have an appropriate trash 
guard to ensure that trash or other debris entering the inlet passes through the 
conduit without plugging. The trash guard must also be capable of preventing the 
entry of people and animals. Pressure-relief facilities shall be designed and 
installed if needed to control uplift pressures. If junction boxes and other 
structures are needed, they shall be designed and installed in a manner that 
facilitates maintenance activities. 

 
3.3  Outlets- The outlet shall be sufficiently stable for all anticipated flow conditions. It 

shall be designed for the maximum anticipated water surface at design flow. A 
continuous section of closed conduit with a headwall shall be used at the outlet. 
The outlet will include an armored plunge pool or apron, or other energy 
dissipation device. The design of the energy dissipater will dictate the type of 
outlet pipe support (reinforced concrete bedding and pier) needed to maintain 
stability. All outlets must have a positive animal guard to prevent entry of people 
and animals.  

 



3.4  Protection-  Before the outlet is installed, all disturbed areas shall be reshaped 
and regraded so that they blend with the surrounding land features and 
conditions. Areas that are not planned to stay bare or covered by structural works 
shall be established to vegetation or otherwise protected from erosion as soon as 
possible after construction. 

 
3.5  Construction Specifications- Conduits and appurtenances shall be installed to the 

line and grade shown in the plans or as staked in the field and according to the 
recommendations of the manufacturers. Conduits shall be bedded and backfilled 
with the native material if suitable or with a well-compacted sand. The ends of the 
conduits shall be protected during installation. All appurtenant structures, 
including trash and animal guards, shall be installed promptly, and provisions 
shall be made for protecting them during installation. Vegetation, riprap or other 
protective cover must be established promptly within 7 days of installation. 

 
3.6  Material Specifications- Materials shall meet or exceed the design requirements 

against leakage and must withstand internal pressure or vacuum and external 
loading. Plastic, concrete, aluminum, and steel shall meet the requirements 
specified in the material specification section following, or specified MDOT specs 
appropriate for the design for internal pressures and external loading. All 
materials specified for subsurface drains can be used for underground outlets if 
designed for proper pressure conditions. Conduits can be perforated or non-
perforated, depending on the design requirements. 

 
Bedding and backfill material for culverts is commonly specified as “select 
granular material” or “select mineral soil”. Actually, most soils are satisfactory if 
they are free of excessive moisture, muck, lumps of frozen soil, roots, highly 
plastic clay, or rock larger than 7.5 cm. Bedding material beneath the pipe should 
not have rocks larger than 3.8 cm. Clay soil can be used if it is carefully 
compacted at a uniform, near optimum moisture content. Ideal backfill material is 
a moist, well-graded granular or sandy gravel soil with up to 10 percent fines and 
free of rocks. The material should be well compacted, at least as dense as the 
adjacent ground, and preferably at a density of 90-95% of the AASHTO T-99 
maximum density. It should be placed in 15cm thick layers (lifts). A dense, 
uniform backfill is important to structurally support the lateral pressure from the 
pipe, particularly with plastic pipes.  Uniform fine sand and silt soils can be 
problematic when used for culvert bedding or backfill material. These fine, non-
cohesive soils are very susceptible to scour and piping from moving water. Thus 
their use is discouraged. If used, they should be very well compacted against the 
pipe. Ideally, a clay plug or anti-seepage collar, made of metal, concrete, or even 
geotextile, should be placed around the culvert pipe to force any water channel to 
flow in a longer path through the soil. Concrete headwalls also deter piping.  
Because of changing climatic conditions, debris and bedload in channels, 
changing land use patterns, and uncertainties in hydrologic estimates, culvert 
size and capacity should be conservative, and should be oversized rather than 
undersized. Ideally, a culvert will be of a size as wide as the natural channel to 
avoid channel constriction. 

 
3.7  MAINTENANCE- Underground culverts must be maintained by keeping inlets, 

trash guards, and collection boxes and structures clean and free of materials that 
can reduce the flow. All leaks shall be repaired promptly to ensure proper 
functioning of the conduit. Animal guards must be inspected periodically and 
maintained in proper working order. 

 
END OF SECTION 



DIVISION 33-46 
DIVERSION DRAINAGES 

 
PART 1   GENERAL 

 
 
1.1 Diversion – Adit discharge should be directed to the diversion trench as 

described in the scope of work. 
 
PART 2  PRODUCTS 
 

Not Applicable 
 
PART 3 EXECUTION  
 

3.1 Pretreatment – The potential for failure of infiltration practices due to clogging by 
sediments is high. Failure will result if sediment is not trapped before runoff 
enters the trench. Thus, it is imperative that the facility design includes a durable, 
maintainable pretreatment system for removing sediment from surface water 
before the trench. This can be accomplished by installing a sediment basin if 
necessary. 

 
3.2 Sizing the Pretreatment Facility – The size of the pretreatment facility is based on 

the infiltration rate of the soil in which the infiltration trench is built. For soils with 
infiltration rates of 2.0 inches per hour or less, the pretreatment facility shall be 
sized to contain 50% of the anticipated surface water flow volume. For infiltration 
rates greater than 2.0 inches per hour, the pretreatment facility shall be sized to 
contain 25% of the anticipated surface water flow volume. 

 
3.3 Exit Velocity from Pretreatment Facility – The velocity of runoff as it exits from the 

pretreatment device must be non-erosive. Field engineering for outflow will 
generally be required in order to properly armor the outflow. 

 
3.4 Drain Time Requirements – The practice is to be designed to infiltrate the surface 

water through the bottom or floor of the trench in 24 to 48 hours. Drain times in 
excess of 72 hours should be avoided to prevent mosquito-breeding habitat from 
forming.  

 
3.5 Dimensions – The dimensions of the diversion trench shall match those stated in 

the scope of work. 
 

3.6 Stone – The infiltration trench is filled with clean, washed aggregate. Stone with a 
diameter of between 1 and 3 inches should be used. 

 
3.7 Geotextile – If the trench is to be covered or buried, the top of the trench must be 

lined with a geotextile to restrict the amount of sediment entering the structure. 
The top layer of the geotextile should be covered by medium to large stones. 

 
 

END OF SECTION 



DIVISION 35-42 
SOIL BIOENGINEERING STREAMBANK AND CUT SLOPE PROTECTION 

 
 
PART 1 GENERAL 
 

1.1 Description  
 

Furnish all labor, materials, equipment, and incidentals required to construct the 
soil bioengineering, live stake, live fascine, brushlayer/live fascine and live siltation 
construction structures for the streambank and cut slope protection after the 
removal action has been completed.  Work includes furnishing, installing and 
maintaining: a) live cut plant material branch harvesting, loading, hauling, 
preparing, storing and fabricating; b) erosion control woven coir fabric; c) seed and 
long straw mulch materials; and d) select fill material. 
 
The types of soil bioengineering method installations are specified; i.e. live cut 
branch material methods (live stake, live fascine, live siltation construction and 
brushlayer/live fascine), installed after the slope has been reconstructed.  The 
following installation timing for the soil bioengineering live cut branch material work 
shall be performed in the dormant season as defined.  Additional methods may be 
used to protect the slope during the non-dormant season; these methods may 
include placement of large boulders and filter fabric at the direction of the Engineer.  
Contractor shall coordinate construction activity to work within these installation 
constraints. 

 
 

PART 2 PRODUCTS  
 

2.1 Materials 
 

A. Bailing Twine – Material used for the purpose of tying the live fascine and 
harvested branch bundles together is to be natural and undyed. 

B. Coir fabric that has been ASTM tested. 
C. Dead Stout Stakes – Dead stout stakes are cut from new, sound, 

untreated two inch by four-inch lumber. Where rocky or hard soil 
conditions exist, two-foot long, ½-in diameter hooked rebar may be 
substituted for dead stout stakes. 

D. Long Straw Mulch – Long straw mulch consists of dry straw or hay, which 
is certified weed free.  Material that is musty, moldy, caked, decayed, or 
dusty will be rejected. 

E. Select fill material shall be as specified – Investigate the select fill material 
for presence of noxious weed seeds.  Species that compete with the 
selected installed plant species shall be eradicated.  Should noxious 
weeds become evident during the first growing season, remove and 
dispose of them at no additional cost. 

F. Fertilizer and amelioration:  All fertilizer, lime and amelioration materials 
shall be uniform in composition and free flowing and delivered to the site in 
bags, each fully labeled, including the same trademark, or trade name and 
warranty of the producer. 

G. Water – Water shall contain no toxic elements that could be harmful to 
plant growth. The Contractor shall provide water, hose, and equipment. 



H. Live Cut Branch Materials 
1. Harvest live cut branch plant materials from sites located within 

seventy-five miles from the Worksite.  The Contractor shall acquire 
all applicable permits prior to harvesting activities.  Only healthy, 
well-branched, and disease-free stock from the species list is 
acceptable.  Leave harvesting sites clean and tidy.  Cut and 
dispose as otherwise agreed to with the landowner. 

2. Provide a copy of the signed written agreement between the 
Landowner and prior to the start of harvesting activities, if 
applicable.  All conditions for site access, use, clean up and any 
special conditions shall be included.  The Contractor shall be 
solely responsible for activities on the harvesting site.  Obtain all 
permits required by Federal, State or local regulations. 

3. Cutting equipment such as chain saws, bush axes, loppers, and 
pruners may be used for harvesting, provided that they are used 
in such a manner that they leave clean cuts.  Handle live growing 
plant material at the harvesting site to avoid bark stripping and 
splitting of stems.  Make cuts flat or at a slight or blunt angle. 

4. Use twine or hoisting belts to bind the live branch cuttings securely 
into bundles at the harvesting site for easy handling and for 
protection during transport.  Group live branch cuttings in such a 
manner that they stay together when handled.  Keep side 
branches and brushy limbs intact and place all growing tips in the 
same direction.  Using the same number of branches in each 
bundle, e.g., 15, 30 or 45 for consistent on-site counts. 

5. Prior to leaving the harvesting site, label all live branch cuttings.  
Secure labels to each bundle of live branch cuttings and indicate 
the date harvested and collection location. 

I. Seed mixture and spread rate shall be as specified in Division 3-4, 
Seeding, Fertilizing, and Mulching. 

 
PART 3 EXECUTION 
 

3.1 General 
 

A. Conform final grades and slopes to Contract Documents.  Maintain site 
drainage during construction to control surface drainage away from cut 
slopes, so that runoff water is collected and drained.  Protect and preserve 
existing vegetation, trees, and wetland areas. 

B. Determine exact quantities of all items including coir, seed mix, long straw 
mulch, select fill material, and quantity of live cut branch installations and 
associated and ancillary construction items required by this Section.  
Provide layout, elevation, length, quantity and quality of each work item 
required by this Section.  Obtain approval of underlying materials before 
proceeding with construction of succeeding activities. 

C. Soil Bioengineering cut slope protection shall be installed as indicated and 
specified. 

 
3.2 Live Fascine 
 

A. Fabrication – Live fascines shall be fabricated using one to two-year old 
branched material with the side branches attached.  The finished live 
fascine bundles shall be seven to eight inches in diameter and a minimum 
of fifteen feet long.  They shall be tied together securely with baling twine 
or other natural, biodegradable undyed material every twelve inches. 

B. Size Ranges – Each branch used in live fascine construction shall be a 



minimum of six feet long and shall have a trunk diameter between one half 
and one inch.  The live stakes used to secure the bundle shall conform to 
the specifications for live stakes. 

C. Excavation – The trenches for the single live fascine bundles shall be 
excavated nine to ten inches (9-in to 10-in) deep and wide. 

D. Installation 
1. Prior to the placement of live fascines, the coir erosion woven 

control fabric shall be first placed horizontally on the slope and 
“tucked” into each live fascine trench so that the entire trench is 
covered with fabric.  A one to two-inch layer of select fill material 
shall be placed on top of the coir fabric in the bottom and sides of 
the trench prior to the live fascine bundle installation. 

 
Step 1 The trench shall be prepared by placing a layer of select 

fill material in the coir lined trench.  The live fascine 
bundle shall be placed directly upon the select fill 
material and coir erosion control fabric. 

Step 2 The live fascine bundle shall be secured every three 
feet with a dead stout stake installed flush with the 
bundle. 

Step 3 Select fill material shall be placed and compacted in 
and around the live fascine bundle, branches, and dead 
stout stakes.  The branches shall have good contact 
and be completely surrounded with the select fill 
material. 

Step 4 Live stakes shall be tamped in at an approximate forty-
five degree (45°) angle to the slope on the downslope 
side of the live fascine bundle installations midway 
between the previously installed dead stout stakes.  The 
live stakes shall be installed on three foot centers and 
protrude three inches above the finished ground 
elevation. 

 
2. The select fill material shall be filled in and around the branches, 

the bundle, and at each dead stout stake.  The backfill around the 
live fascine bundle shall be compacted by foot.  Select fill material 
shall be previously mixed with the required fertilizer, lime and soil 
amendments.  Water compaction shall not be acceptable.  When 
backfill operations are completed for the live fascine, it should be a 
neatly installed row, on contour with the branches slightly visible. 

 
3. The live fascine shall form a small bench in the cut slope.  

Locations and quantities shall be generally as indicated with 
modifications made to suit field conditions at no additional cost. 

E. Spacing – The live fascines shall be spaced in two configurations: 1.  Six 
feet apart horizontally and installed at a sixty-degree (60°) angle next to 
the Creek and parallel to each other; and: 2. Twenty feet apart horizontally 
(face measurement), in between the brushlayer/live fascines, placed on 
contour and parallel to each other.  All final locations and configurations 
shall be determined in the field by the Qualified Individual.  Lay out these 
configurations on site for approval prior to excavation or installation. 

 
3.3 Brushlayer/Live Fascine 
 

A. Fabrication – Brushlayer/live fascines shall be fabricated using a 
combination of branches.  Use branched brushy material.  Materials used 



in the brushlayer shall be varied by branch diameter, attached branches, 
and age of plant and species as determined by the Qualified Individual. 

B. Size Ranges – The brushlayer/live fascines shall be fabricated from three 
and one half to five foot long branches with all side branches intact.  The 
brushlayer/live fascines branches shall range in size from one half inch to 
two inches at the basal ends. 

C. Excavation – The terraces for the combined brushlayer/live fascine shall 
be cut two and one half to three feet deep into the slope.  The terraces 
shall slope back from the front outside edge to the back of the terrace at a 
20-degree to 25-degree angle. 

D. Installation 
1. Prior to the placement of brushlayer/live fascines branches, the 

coir erosion woven control fabric shall be first placed horizontally 
on the slope and “tucked” into each live fascine trench so that the 
entire trench is covered with fabric.  A one to two-inch layer of 
select fill material shall be placed on top of the coir fabric in the 
bottom and sides of the trench prior to the brushlayer/live fascine 
bundle installation. 

 
Step 1 The sloped terrace shall be prepared by placing a layer 

of select fill material in the coir lined trench.  The 
brushlayer branches shall be placed directly upon the 
select fill material and coir erosion control fabric as 
follows: 

Step 2 The live cut branch materials for the brushlayer shall be 
placed in three (3) different directions (angled right, left 
and perpendicular to the slope) with select fill material 
of approximately two inches in between and on the 
branches at each layer.  Select fill material shall be 
placed and compacted in and around the live fascine 
bundle, branches, and dead stout stakes.  The 
branches shall be completely surrounded with the 
Select fill material.  A total of forty-five branches shall be 
used per linear yard. 

Step 3 When the last perpendicular layer of branches are 
installed and two inches of select fill material is placed 
on them the live fascine bundle shall be placed on top 
and secured every three feet (3’) with a dead stout 
stake.  The dead stout stakes shall be installed flush 
with the top of the live fascine bundle. 

Step 4 Select fill material shall then be placed and compacted 
until the existing cut slope face elevation is reached. 

 
2. Select fill material shall be filled in and around the branches, the 

bundle, and at each dead stout stake.  The backfill around the live 
fascine bundle shall be compacted by foot.  The select fill material 
shall be previously mixed with the required fertilizer, lime and soil 
amendments as specified herein.  Water compaction shall not be 
acceptable.  When backfill operations are completed for the 
brushlayer/live fascine, it shall be a continuous dense row of brush 
with a distinctive upward angle.  The branches shall be slightly 
visible in the live fascine. 

 
3. The brushlayer/live fascine shall form a bench in the cut slope.  

Live stakes are not required in the live fascine when it is combined 
with a brushlayer. 



E. Spacing – The brushlayer/live fascine rows shall be spaced twenty feet 
apart (face measurements), in between the live fascines and parallel to 
each other as indicated.  All final locations and configurations shall be 
determined in the field.  Lay out these configurations on site for approval 
prior to excavation or installation. 

 
3.4 Live Siltation Construction 
 

A. Fabrication – live siltation construction shall be fabricated using a 
combination of branches.  Use branched brushy material.  Materials used 
in the live siltation construction shall be varied by branch diameter, 
attached branches, age of plant and species as determined by the 
Qualified Individual. 

B. Size Ranges – The live siltation construction shall be fabricated from five 
to seven foot long branches with all side branches intact.  The live siltation 
branches shall range in size from one half inch to three inches at the basal 
ends. 

C. Excavation – The trench for the combined live siltation construction shall 
be cut in a trapezoidal shape.  The side closest to the creek shall be cut 
down and back into the bank at a forty-five degree (45°) angle.  The 
bottom of the trench shall be eighteen inches wide with the back (furthest 
away from the creek) cut vertically.  The trench is located immediately 
behind and above the previously installed rock toe protection. 

D. Installation 
1. Prior to the placement of live siltation branches, the woven coir 

erosion control fabric shall first be placed horizontally and “tucked” 
into and laid in the live siltation construction trench so that the 
entire trench including the front sloped side, the bottom and the 
back excavation is covered with coir fabric.  A one to two-inch 
layer of select fill material shall be placed on top of the coir fabric 
on the sloped side and bottom prior to the live siltation 
construction installation. 

 
Step 1 The trench shall be prepared by placing a layer of select 

fill material on the coir lined trench, as previously 
described.  The live siltation construction branches shall 
be placed in the trench directly upon the select fill 
material and woven coir erosion control fabric as 
follows: 

Step 2 The live cut branch materials for the live siltation 
construction shall be placed in three (3) different 
directions (angled right, left and perpendicular to the 
creek) with select fill material of approximately two to 
four inches in between and on the branches at each 
layer.  Select fill material shall be placed and 
compacted in and around the live siltation construction, 
branches.  The branches shall be completely 
surrounded with the select fill material.  A total of forty-
five branches shall be used per linear yard. 

Step 3 Place the last perpendicular layer of branches as 
installed and the final select fill material on them. 

Step 4 Place a six to eight inch layer of stone on top of the live 
siltation construction along the bank side of the 
installation. 

E. Species Percent – Live siltation construction methods shall be composed 
of seventy percent (70%) Willow salix sp. and thirty percent (30%) mix of 



the other species specified.   
 

3.5 Live Stake 
 

A. General – Live staking is required in between the live fascine and 
brushlayer/live fascine methods.  Install live stakes on prepared slopes as 
specified.  Use live stakes alone or in combination with live fascine 
bundles with woven coir, seed and long straw mulched areas.  When the 
live stakes are used as part of the brushlayer/live fascine or live fascine 
method, the live stake shall be considered part of the live fascine method.  
Install live stakes as specified. 

B. Size Ranges – Stakes shall have a minimum diameter of one half inch and 
a maximum diameter of one and one-half inches.   

C. Fabrication – Trim all side branches and cut into two and one-half foot 
lengths.  Cut flat on top, and at an approximately forty five-degree angle on 
the bottom end for tamping into the ground.  Avoid bark stripping during 
fabrication.  Damaged live stakes will not be acceptable. 

D. Installation – Install live stakes into the ground.  They shall protrude 
approximately three inches from the finished ground elevation.  Place live 
stake approximately at a forty-five degree angle to the slope face.  In 
cases where the ground is hard, a pilot hold shall be made using a one-
half inch metal rod to assist in inserting the live stake.  This rod may not be 
larger than one-half inch outside diameter.  The rod shall be carefully 
removed so as not to enlarge the hole.  Alternatively the Contractor may 
elect to drill the holes using a two to three inch drill bit.  

 
END OF SECTION 



Division 31-37 
Rock Riprap 

 
 
Part 1 GENERAL 
 

1.1  Description -Rock Riprap is often used to protect critical streambanks or other 
slopes from erosive forces. Riprap may be equipment Placed, Equipment Placed 
or Stacked & Pinned depending on design requirements, Rock riprap includes 
the use of filter and bedding aggregates, geotextile and foundations where 
applicable. 

 
Part 2  PRODUCTS 
 

2.1  Riprap shall be constructed of rock obtained from a source that is approved by 
the Contracting Officer prior to execution of a contract for the project. When 
possible, consideration should be given to obtaining rock that is similar in color 
and texture to the native stone in the project area. The Contractor and 
Contracting Officer will only visit the site(s) to determine whether the rock meets 
the requirements as set forth in these specifications. A site visit may be waived 
by the Contracting Officer when the rock source has been approved under past 
projects. 

 
2.2  Rock shall be of sufficient hardness to resist weathering and shall be free of 

cracks and other blemishes. Porous rock, such as some limestones, and soft 
rock, such as shales, shall not be allowed for use as riprap. 

 
2.3  The shape and size of the rock to be used is set forth in Section 7: Special 

Conditions and is shown on the project drawings. Rock shape and size is 
dependent on the method of riprap placement and, the velocities in the stream 
channel. In some cases, native rock present on the site may be authorized for 
use by the Contracting Officer. In no instance will concrete or other “debris” rock 
be allowed. 

 
Filter or Bedding 
 

2.4        In instances where soil fines in the streambed (streambank) present a                   
potential for soil piping, the Contractor shall install a filter aggregate and/or 
geotextile. 

 
2.5        As required, and as shown on the project drawings and/or set forth in Section 7: 

Special Conditions, the Contractor shall install bedding materials to prepare the 
subgrade and/or protect the geotextile, prior to placement of the rock. 

 
Subgrade Preparation 
 

2.6        Prior to the placement of rock riprap, filter aggregate, bedding or geotextiles, the 
subgrade surfaces shall be cut, filled, compacted and graded to the lines and 
grades as shown on the project drawings. All subgrade surfaces shall be 
prepared so as to be reasonably smooth, and free of mounds, dips, or windrows. 

 
2.7     The placement of fill to meet design grades and elevations, shall be of an 

approved material, and placement shall include adequate compaction of the 
materials. 

 



2.8       No riprap, filter/ bedding aggregate or geotextile shall be placed until the 
subgrade is inspected and approved by the Contracting Officer and/or the Project 
Engineer. 

 
2.9       As shown on the project drawings and/or as set forth in Section 7:  

Special Conditions, the Contractor shall provide for an adequate foundation 
under the rock riprap. In instances where unstable soils (i.e. clays/silts) are 
present, a geotextile and gravel foundation may be required to prevent settling of 
the riprap. 

 
Part 3  EXECUTION 
 

3.1     Dumped & Placed Rock Riprap 
The rock riprap shall be placed by equipment on the surfaces and to the              
depths specified.  The rock rip rap shall be installed to the full course thickness in 
one operation and in such a manner as to avoid displacement of the underlaying 
subgrade, filter/bedding aggregate or geotextile. The rock for riprap shall be 
delivered and placed in such a manner that will insure that the riprap in-place, will 
be reasonably homogeneous with the larger rocks uniformly distributed and firmly 
in contact with the smaller rocks and spalls filling the voids between the larger 
rock. Hand placement of chinking stone shall be completed to insure a final 
surface which is smooth and with no voids greater than six inches (6") present 
between rocks. At both the upper and lower limits of the riprap section, the rock 
riprap shall be keyed into the stable bank as shown on the project drawings. 
Keying of the riprap provides protection from erosion getting behind the riprap 
blanket. In addition, as shown on the project drawings, the rock riprap shall be 
placed to an elevation which is below the design streambed elevation.  

 
3.2 Equipment Placed Rock Riprap 

This application shall involve the placement of large, flat rock riprap against the 
slope in such a manner that the rock riprap “paves” the slope and riprap pieces 
resemble a puzzle. All rock shall have maximum contact between the individual 
rock, with out bridging or otherwise creating a void under the rock layer, The rock 
shall be firmly bedded, and may be placed by hand or by machinery. Space 
between the larger rock shall be chinked with smaller rock and spall with no voids          
greater than one foot (1') existing in the finished riprap face. Small rocks shall not 
be grouped as a substitute for larger rock. Rock shall only be placed in a single 
layer in depth, with each rock meeting or exceeding the minimum rock thickness 
as set forth in Section 8: Special Conditions. At both the upper and lower limits of 
the riprap section, the rock riprap shall be keyed into the stable bank as shown 
on the project drawings. Keying of the riprap provides protection from erosion 
getting behind the riprap blanket. 

 
3.3  Stacked & Pinned Rock Riprap 

Riprap shall be placed in a stacked manner so as to construct a vertical face of 
protective rock. Rock used in Stacked and Pinned Rock Riprap applications shall 
be reasonably flat and placed such that there is solid contact between each 
course of rock. Steel pins shall be placed to secure each rock to the course 
below, to prevent dislodging of the rock by stream flows, debris or frost heaving. 
 
Stacked Rock riprap shall be started at an elevation below the streambed 
elevation as shown in the project drawings, to protect from scour under the 
riprap. In instances where unstable soils (i.e clays, silts, saturated layers) have 
been determined to be present, the riprap shall be placed on a suitable 
foundation to prevent settling of the riprap. When a foundation in specified, the 
foundation shall be installed as shown in the project drawings and in Section 7: 



Special Conditions. The rock shall be stacked with a banter towards the 
streambank as shown on the project drawings. When specified on the project 
drawings, the contractor shall install steel pins to tie one course of rock to the 
course below it. Unless otherwise specified, steel pins shall be one inch (1") 
diameter bars conforming to ASTM Specification A615, A616 or A617. The 
length of the pins will be a minimum of 4 feet. Holes drilled in the rock for 
placement of the steel pins may be up to, but not exceed 1.5 inches in diameter. 
All pins shall be driven flush to the top of the riprap, or within +/- ½ inch of the 
surface. At both the upper and lower limits of the Stacked Rock Riprap section, 
the rock riprap shall be keyed into the stable bank as shown on the project 
drawings. Keying of the riprap provides protection from erosion getting behind 
the riprap blanket. 

 
3.4 Measurement and Method of Payment 

Method 1: When specific unit prices are established in the contract, the quantity 
of each type of material, placed within the specified limits, shall be computed to 
the nearest unit by weight or volume, as set forth in the Bid Unit Cost. Riprap, 
bedding, filters, steel pins and other items shall be computed to the nearest unit, 
with payment made at the Bid Unit Cost. 
 
Method 2: When specified in the bidding documents, the Contractor shall be paid 
a Lump Sum price for installation of the riprap. Lump sum costs shall include all 
site preparation, materials, labor and equipment as required to construct the 
riprap to the specified design limits. 
 
Under all payment methods, payment shall be considered full compensation for 
completion of the work. Compensation for any items of work described in the 
contract but not specifically listed in the bid schedule will be included in the 
payment for the item of the work to which it is subsidiary. 

 
Such items are set forth ion Section 3.7: Special Conditions. No separate 
payment shall be made for any testing of rock gradation. 

 
3.7 Special Conditions 

 
3.7.1 Rock Materials 

Rock for this project shall consist of large, flat pieces with one or more 
relatively straightedges, which can be stacked and pinned to achieve a 
stable vertical wall. Rock size shall be as follows; 

 A-axis B-axis C-axis 

Minimum Size 1’ 1’ 1’ 

Maximum Size 3’ 3’ 3’ 
 

Rock density shall be between 1.4 and 1.6 tons/cuyd 
 
 

3.7.2 Rock Placement 
Rock shall be placed so as to provide maximum rock to rock contact between 
successive courses, minimal bridging between rocks and minimal voids between 
the stacked rock. The Contractor shall hand chink all voids between rocks prior to 
back filling of the wall, Chinking will be placed so as to be “locked” into the wall. 
 
Rock shall be stacked such that horizontal joints between rocks are staggered, 
with no joint running vertically through 2 or more courses. Thin rocks shall not be 



used as shims to adjust the elevation of any stacked rock. All rock placed in the 
wall shall be done under the direction of the Contracting Officer, and the 
Contractor shall remove, replace, adjust or otherwise alter the placement of any 
rock(s) deemed insufficient by the Contracting Officer. 
 
The stacked rock riprap shall be placed as shown on the project drawings, and 
shall have a minimum banter of 6 on 1 towards the stream bank. 
 
The Contractor shall install steel pins as shown on the Project Drawings. A 
minimum of two (2) pins will be used for each rock placed in the wall. The 
Contractor shall place the steel pins such that they are in the approximate center 
of the rock to be pinned (top rock), and pins shall be placed so as they are not 
closer than twelve inches (12") from any edge of the rock to which they are being 
pinned (bottom rock) The Contracting Officer and/or Project Engineer will 
observe the Contractors placement of the Rock Pins and shall direct the 
Contractor to relocate and/or add additional pins as necessary. 

 
3.7.3 Filter Materials 

 
Under this contract, filter materials are not required between the vertical rock 
riprap and the native soil of the streambank. Geotextile will be used in the 
foundation area as shown on the project drawings and in item 7.6 below. 

 
3.7.4 Drainfill Materials 

 
Under this contract, backfill behind the stacked rock riprap shall be free draining 
and porous, and shall be free of organic matter and excessive fines. The backfill 
for the stacked wall will be a washed, well graded gravel material and must be 
approved by the Contracting Officer and/or Project Engineer prior to the start of 
the project. The project will not require geotextile on the vertical face between the 
native materials (soils) and the rock riprap. 
 
Backfill will be placed behind the wall as each vertical course of the stacked 
riprap is placed to allow for compaction. The Contractor shall use the bucket of 
an excavator, and/or a tamper to provide adequate compaction. No backfill will 
be placed in lifts which exceed twelve inches (12"). No separate payment shall 
not be made for drainfill, this item is subsidiary to Stacked & Pinned Rock Riprap. 

 
3.7.5 Subgrade Preparation 

 
Geo-technical investigations have determined that the foundation area under the 
proposed Stacked Rock Riprap is unsuitable for bearing the vertical loading 
presented by the wall. The Contractor shall establish a footing foundation prior to 
placement of the stacked wall by over excavation of the clay/silt materials, and 
placement of a geotextile barrier and a compacted gravel foundation. All 
foundation components shall be installed as shown on the design drawings. 

 
Excavation:  The Contractor shall excavate a foundation trench at the locations 
and elevations as shown on the Project Drawings. The Foundation trench shall 
be constructed six foot (6') wide, and to a depth to allow placement of the 
foundation bedding materials and to provide for placement of the stacked rock a 
minimum of two foot (2') below the finished streambed. 

 
Geotextile:  As shown on the project drawings, the Contractor shall place a 
woven geotextile on the side and bottom of the foundation excavation. The 
geotextile shall meet the conditions set forth in Specification MS-03: Geotextile, 



Table I, Class II. The apparent opening size shall be number 30 U.S. Standard 
Sieve size. No separate payment shall be made for geotextile. Payment for this 
item is included in Unit Bid Cost for Stacked Rock Riprap. 
 
Bedding:   After placement of the geotextile, the Contractor shall construct a 
tamped gravel foundation to support the stacked rock riprap. The gravel material 
used in the foundation will be placed in lifts not to exceed nine inches (9") in 
depth, with through compaction of each lift using a plate tamper or vibratory 
sheep foot roller. Compaction can also be achieved by a minimum of four (4) 
passes over the entire surface with the track of a machine weighing not less than 
twenty (20) tons. The Stacked rock wall will be constructed on top of the 
foundation materials to the dimensions and limits as shown on the design 
drawings. Gravel materials shall free draining and porous, and shall be free of 
organic matter and excessive fines. The backfill for the stacked wall will be a 
washed, well graded gravel material and must be approved by the Contracting 
Officer and/or Project Engineer prior to the start of the project. 



 

APPENDIX D 
 

VENDOR MATERIALS 



Applications for HDPE and LLDPE Agru Super Gripnet® include projects where
drainage and high interface friction as well as cost savings are critical i.e. landfill 
caps, landfill slopes and mining reclamation projects. Recent bids for installations 
have indicated cost savings of over $3,000.00 per acre with the use of Super Gripnet®

as a replacement for traditional geocomposite overlying a textured geomembrane. 

Agru America’s structured geomembranes are manufactured on state-of-the-art manufac-
turing equipment using a flat cast extrusion manufacturing process as opposed to blown
film extrusion. Agru America uses only the highest grade of HDPE and LLDPE resins
manufactured in North America. The structured geomembrane is manufactured by a
continuous horizontal flat die extrusion into profile rollers. The machined rollers give
the product the final structured surface with drainage studs and spikes which are an 
integral (homogenous) part of the liner and have a smooth edge for on site welding. 
This process provides a consistent core thickness resulting in higher sheet tensile
strength, consistent high profile texturing resulting in higher interface friction 
capabilities as well as consistent drain capacity.

Soil Cover

Super Gripnet® Geomembrane

Landfill Cap

Coarse Sand 35° 31°

Glacial Till 38° 34°

Silty Sand 28° 26°

Non Woven GT 31° 26°

Coarse Sand 30° 30°

Note: The above values are representative friction angles only. It is recommended that site
specific conformance testing be carried out using the actual soils, geosynthetics and
loading conditions for a specific project.

P = Maximum or Peak Interface Shear Value in degrees   
LD = Large Displacement Interface Shear Value in degrees
GT = Geotextile

Interface Shear – Cap Loading Conditions ASTM D 5321

Soil/Grip Liner Surface P LD

Soil/Drain Liner Surface with GT

Super Gripnet® Geomembrane

Geotextile
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The machine rollers provide the final structured
surface with a 3.6 mm (0.145 in.) high studded
drain surface on the top side and 4.4 mm (0.175 in.)
high spiked friction surface on the bottom side.
The 7 m (23 ft.) wide rolls of finished product
include a smooth edge on both sides of the roll for
ease of thermal welding in the field. Due to the
molded structure, core thickness does not vary as
with blown film textured sheet, thus mechanical
properties of the sheet are not affected. In addi-
tion, the consistent high profile texture insures
optimum interface friction characteristics at any
point on the sheet surface.

The top surface integral drain structure consists  of
3.2 mm (0.13 in.) diameter studs 3.6 mm (0.145 in.)
in height and spaced on a diamond pattern of
12.5 mm (0.5 in.) spacing. A filter/protection geo-
textile is required to be placed on the drain profile.
The geotextile is heat set on one side (placed
against the drain structure) to reduce intrusion 
into the drain. Large-scale flow rate testing with
this configuration, overlying soils and expected
normal loads resulted in high planar flow rates.

The bottom spiked friction surface with 4.4 mm
(0.175 in.) high spikes and patterned texture 
provides maximum interface friction and high
factor of safety against sliding.

Thus, the Super Gripnet® Liner is a synthetic drainage media which has decided advantages over
conventional geocomposites:

• Cost Savings – The drain media and liner are one and installed as one panel
– No waste due to fitting of geocomposite sections or discarding roll ends

• Improved Planar Flow – Less reduction for chemical/biological clogging considerations 

• Consistent Material – Studs and spikes (drainage and friction) totally integrated with
the geomembrane

• High Interface Shear – Exceptional shear resistance between soil & geotextile components
allows flexibility and stability during protective cover material placement

• Meets/exceeds Project Requirements – Excellent fluid barrier 
– Excellent drainage medium
– Excellent friction characteristics

Agru’s Super Gripnet® geomembrane is a high performance liner system with integrated
top surface drainage supplying the functional needs for any project with the added benefit 
of substantial cost savings.

• Combines Drainage with Shear Resistance

• High Water Flow Rate on Top Side

• Spike/Texture Bottom

• Consistent Drain and Structure Pattern

• Combine with Smooth 

• Combine with Fabric

US Patent - No. 5.258.217

Super Gripnet® Geomembrane

Why specify or use anything else!

Agru has over 20 years experience with Geomembranes and 50 years experience with Thermoplastic Extrusion
Agru offers a wide range of concrete protective liners (Sure Grip), pipe fittings and semi-finished materials.



All information, recommendations and suggestions appearing in this literature concerning the use of our products are based upon tests and data believed
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use by others is beyond our control, no guarantee or warranty of any kind, expressed or implied, is made by Agru/America as to the effects of such use
or the results to be obtained, nor does Agru/America assume any liability in connection herewith. Any statement made herein may not be absolutely
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Thickness, (mm) ASTM D5199 200 200

*The thickness values may be changed due to project specifications (i.e., absolute minimum thickness)

Peak Tensile Strength, lbs./ in. (MD) ASTM D5035 45 45

Melt Flow Index, g/10 minutes  (max.) ASTM D1238, 190°C, 2.16kg ≤1.0 ≤1.0

Density, g/cm3 ASTM D792, Method B 0.94 0.94

Carbon Black Content ASTM D4218 2 - 3 2 - 3

Transmissivity(1), m2/sec. ASTM D4716 2 x 10-3 2 x 10-3

Mass per Unit Area, oz./sq. yd. ASTM D5261 6.0 8.0

Grab Tensile Strength, lbs. ASTM D4632 170 225

Grab Elongation, % ASTM D4632 50 50

Trapezoidal Tear, lbs. ASTM D4533 70 90

Puncture, lbs. ASTM D4833 95 140

Mullen Burst, psi ASTM D3786 325 400

Permittivity(2), sec.-1 ASTM D4491 1.60 1.26

Water Flow(2), gpm./ ft.2 ASTM D4491 125 90

Apparent Opening Size, U.S. Stnd Sieve Size (max.) ASTM D4751 70 80

UV Resistance after 500 hours, % Strength Retained ASTM D4355 70 70

2-Sided Geocomposite
200mil Geonet

Geonet Component(4) 6-200-6 8-200-8

Property Test Method               Minimum Average Roll Value(5)

Geotextile Component (Prior to Lamination)

Property Test Method               Minimum Average Roll Value(5)

Notes: (1) Geonet Transmissivity at a temp. of 21°C, gradient of 0.1 and a load of 10,000psf: seating time 15 min. between steel plates.
(2) At time of manufacture. Handling may change these properties.
(3) Geocomposite Transmissivity at a temp. of 21°C, gradient of 0.1 and a load of 10,000psf: seating time 15 min. between steel plates.
(4) Component Properties are prior to Lamination
(5) For Geonet, Melt Flow Index is a maximum value, and for Geotextile, AOS is a maximum average roll value.
(6) All roll lengths and widths have a tolerance of ±1%

Laminated Strength (Ply Adhesion), lbs./ in. ASTM D7005 1 1

Transmissivity(3), m2/sec. ASTM D4716 1 x 10-4 1 x 10-4

Geocomposite(4)

Property Test Method               Minimum Average Roll Value(5)



Applications for HDPE and LLDPE Micro Spike®, textured geomembranes
include projects where slope stability is critical. Micro Spike® is the only 
HDPE or LLDPE geomembrane that exhibits reproducible texture and friction
angle values with the highest interface surface friction values in the industry.
Micro Spike® is a patented product.

Agru America’s structured Geomembranes are produced on state-of-the-art equipment
using a flat die-cast extrusion manufacturing process as opposed to blown film extrusion.
Agru America is the only manufacturer of structured and embossed Geomembranes in
North America.

Comparative properties for Design Consideration
Blown film co-extruded textured surfaces vs. Micro Spike® structured textured surfaces 

Design Consideration Blown film co-extruded Micro Spike® structured

Consistent core thickness no yes

Consistent surface texture no yes

Consistent asperity height no yes

Consistent interface friction no yes

Affect on mechanical properties yes no

Affect on stress crack potential yes no

Affect on multiaxial stress-strain yes no

Reduction in CQA program costs no yes

Micro Spike® Textured Geomembrane

(less testing required)

Micro Spike® surface texture

US Patent - No. 6,203,741 and 6,132,845
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The calendared structured liner manufacturing process allows production of the only textured liner with
a consistent core thickness, resulting in unchanged mechanical properties from that of smooth sheet.
The consistent surface structuring or texture gives Micro Spike® Geomembranes reproducible friction
angle values with efficiencies of over 95%. 

Micro Spike® textured HDPE and LLDPE geomembrane has a decided advantage over blown film 
textured geomembrane:

Reliability: Micro Spike’s® reproducible friction angles gives the design engineer the confidence that 
he has designed a system that will be built to meet or exceed the project design requirements.

Cost Savings: Micro Spike® is competitively priced with value added advantages including consistent
core thickness and texture which reduces installation costs, on-site quality control and third party 
quality assurance costs.

Consistent Material: The structured “Micro Spikes” are totally integrated with the Geomembrane.

Higher Tensile Values: 400% elongations values for Agru’s textured material in an industry that 
the standard is 150%. Why spec anything else? Our calendared Structured Manufacturing Process 
produces a consistent core resulting in the highest tensile values available in the industry. 

High Interface shear: Exceptional shear resistance between soil and geotextile components allows 
flexibility and stability during protective cover material placement. The textured asperity height 
is not only consistent but higher than competitive textured products.

Why specify or use anything else!
Agru Worldwide has over 20 years experience with Geomembranes and 50 years experience with Thermoplastic Extrusion.

Agru offers a wide range of concrete protective liners (Sure Grip), pipe, fittings, sheet stock, billet and solid rod.

Soil/Micro Spike® Surface P LD
Coarse Sand 34° 34°
Glacial Till 37° 32°
Silty Sand 32° 28°
Non Woven GT 32° 17°

Representative Large Scale Interface Shear Values – ASTM 5321
landfill cap loading conditions

Micro Spike® geomembranes are manufactured to meet or exceed current industry standards including
GRI GM 13 (HDPE) and GRI GM 17 (LLDPE) test values, frequency of testing and functional
requirements. Micro Spike® textured Geomembranes have smooth edges to allow for high quality 
thermal fusion welding between adjacent sheets. All Agru Geomembrane material is rolled on solid
plastic pipe cores to ensure ease of installation without damage to the rolled material.



   NORTHWEST LININGS & 
   GEOTEXTILE PRODUCTS, Inc. 
      21000 77th AVE. SOUTH 
      KENT, WA 98032 
      253-872-0244 
      FAX 253-872-0245 

                     800-729-6954 Toll Free 
                     E-Mail:www.northwestlinings.com 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NORTHWEST LININGS & GEOTEXTILES PRODUCTS, INC. 
CONSTRUCTION QUALITY CONTROL MANUAL 

FOR GEONET/GEOCOMPOSITE/GEOCOMPOSITE DRAINAGE 
LAYER 

FIELD INSTALLATIONS



Geonet/geocomposite/Geocomposite Installation: 
 
The geonet/geocomposite/geocomposite shall comply with manufacturer's specification. 
 
A. Handling and Placement: 
 

The geonet/geocomposite/geocomposite shall be handled in such a manner as to ensure 
the nets are not damaged in any way. 

 
1. On slopes, the geonet/geocomposite/geocomposite shall be secured in the 

anchor trench and then rolled down the slope in such a manner as to 
continually tension the sheet.  If necessary, the net shall be positioned by hand 
after being unrolled to minimize wrinkles.  Geonet/geocomposites can be 
placed in the horizontal direction in some special locations (e.g., at the toe of a 
slope, or where an extra layer of net is required).  

 
2. Geonet/geocomposites can also be deployed from a spreader bar and unrolled 

be either securing the end of the geonet/geocomposite and backing up the 
equipment to unroll the material or the equipment can remain stationary and the 
material can be unrolled by laborers grabbing the end of the roll and unrolling it 
off of the spreader bar. (This method is normally only used when the 
geonet/geocomposite is being deployed over Geomembrane) 

 
3. Rubber tired and tracked ATV’s and similar equipment are acceptable to operate on the 

geonet/geocomposite/geocomposite with ground pressure less than 8 psi.   Tires and 
tracks will be checked for sharp edges, rocks or debris that may damage the liner before 
operating on the geonet/geocomposite/geocomposite.  Driving paths will be as straight 
as possible avoiding sharp turns, sudden stops and starts.  

 
4. Geonet/geocomposites shall not be welded to geomembranes as the 

expansion and contraction rates for the two materials are different. 
 

5. Geonet/geocomposites shall be cut using approved cutters, i.e., hookblade 
razor knife, scissors, etc. Care should be taken to prevent damage to 
underlying layers of geomembrane. 

 
6. Care must be taken not to entrap dirt in the net that could cause clogging of 

the system, and/or stones that could damage the adjacent geomembrane. 
 

7. Care should be taken not to leave tools in or under the geonet/geocomposite. 
 
 
B. Tying of Geonet/geocomposite: 

 
Adjacent geonet/geocomposites shall be joined according to the following requirements. 

 
1. Adjacent rolls shall be overlapped by at least four inches and securely tied at a 

minimum of 5’ foot on center on the sides and a minimum of 6” inches on center 
at the butt seam where one roll ends and another begins. 

 
2. Tying can be achieved by plastic fasteners, commonly known as wire ties or zip 

ties. Tying devices shall be white or yellow for easy inspection. Metallic devices 
are not allowed. 

 
3. In the corners of the side slopes where overlaps between perpendicular 

geonet/geocomposite strips are required.  An extra layer of 
geonet/geocomposite, 1 roll width wide shall be placed parallel to the 
confluence of the slopes from the anchor trench to the bottom of the slope. 

 
4. With Geocomposite nets it may also be required to carefully overlap the upper 

layer of non-woven fabric from adjacent panels. 



 
 
C. Layering of Geonet/geocomposite: 
 

When several layers of net are installed, care should be taken to prevent the strands of one 
layer from penetrating the channels of the next layer, thereby significantly reducing 
transmissivity. Layered nets must be placed in the same direction and never laid 
perpendicular to the underlying geonet/geocomposite. Overlaps must be staggered and 
layers tied together. 

 
D. Repair: 
 

1. Any holes or tears in the geonet/geocomposite shall be repaired by placing a 
patch extending two feet beyond the edges of the hole or tear.  The patch shall 
be secured to the original geonet/geocomposite by tying every six inches.  If the 
hole or tear is more than 50% of the width of the roll, the damaged area shall be 
cut out and the two remaining portions of the geonet/geocomposite shall be 
joined. 

 
2. Repairs to a composite geonet/geocomposite will require that in addition to the 

net being replaced, a layer of non-woven geotextile at least equal to that which 
is bonded to the geonet/geocomposite be placed over and extend at least 6” 
beyond the repair and tack welded in place with a leister. 

 
 
E. Seaming of fabrics on Geocomposite: 
 

1. After tying the underlying geonet/geocomposite, only the upper layer of fabric can be 
attached to the adjoining fabric. The fabric’s should be overlapped, laid flat and held in 
place by one of the following methods so that the fabric will remain in place during 
backfilling or placement of overlying Geosynthetic materials.  

 
A. Minimum 40 Lb. Sandbags spaced no more than 10’ OC 
 
B. Heat bonded (continuous or tack-welded every 5’) together by means of a hand 

held or motorized hot air welder. 
 
C. Sewn with a single or double stitch prayer seam by means of a hand held 

sewing machine (For slope applications) 
 

D. Fusion wedge welded for fabrics 6 oz./sy and heavier. 
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NORTHWEST LININGS AND GEOTEXTILES 
HDPE/LLDPE-FIELD QUALITY CONTROL MANUAL 

 
I. INTRODUCTION 
 

A. This manual describes the Quality Control Procedures utilized by Northwest Linings (NWL) 
Installation Personnel to assure quality workmanship and installation integrity of 
HDPE/LLDPE Geomembranes. 

 
B.  Geosynthetic components of lining systems which are addressed in this manual are 

HDPE/LLDPE Geomembranes.  NWL recognizes that specific documentation of the specific 
installation is required to substantiate this Quality Control Program. 

 
II. HDPE/LLDPE GEOMEMBRANE INSTALLATION 
 
A. Earth Work 
 

1. The general and/or earthwork contractor shall be responsible for preparing and maintaining the 
subgrade in a condition suitable for liner installation unless agreed otherwise. 
 

2. Surfaces to be lined shall be smooth and free of debris, roots, and angular or sharp rocks to a depth 
of four (4) inches.  All fill shall consist of well-graded material free of organics, trash, clayballs or other 
harmful matter.  No sharp edged stones, stones larger than one (1) inch diameter or hard objects 
shall be allowed within the top four (4) inches of the subgrade. The surface shall be compacted in 
accordance with project specifications but in no event below the minimum required to provide a firm 
unyielding foundation sufficient to permit the movement of vehicles and welding equipment over the 
surface without causing rutting or other harmful effects.  The subgrade shall have no sudden sharp 
or abrupt changes in grade. 
 

3. The earthwork contractor shall protect the subgrade from becoming too dry, flooding and freezing. 
Protection, if required, may consist of a thin plastic protective cover (or other material as approved by 
the engineer) installed over the subgrade until the placement of the liner begins. Subgrade found to 
have cracks greater than 1/2 inch in width or depth or which exhibit swelling, heaving or other similar 
conditions shall be reworked by the general contractor to remove these defects.  
 

4. Surface acceptance:  Upon request, NWL will provide the Owner's Representative with a written 
acceptance of the surface to be lined.  This acceptance will be limited to an amount of area that NWL 
is capable of lining in a particular work shift.  Subsequent repairs to the subgrade and the surface 
shall remain the responsibility of the earthwork contractor. 

 
B. Crest Anchorage System 
 

1. The anchor trench shall be excavated by the earthwork contractor to lines and widths shown on the 
design drawings prior to geomembrane placement. 
 

2. Anchor trenches excavated in clay soils susceptible to desiccation cracks should be excavated only 
the distance required for that days liner placement to minimize the potential for cracking of the clay 
soils. 
 

3. Corners in the anchor trench shall be slightly rounded where the geomembrane enters the trench to 
minimize sharp bends in the liner. 

 
C. Preparation for Geomembrane Deployment 
 

1. Panel Layout:  Prior to liner deployment, layout drawings shall be produced to indicate the panel 
configuration and location of seams. 
 

2. Identification:  Each panel used shall be given a numeric or alpha-numeric identifier consistent with 
the layout drawing.  This identification number shall be related to a manufacturing roll number. 

 
 



D. Field Panel Placement 
 

1. Location: NWL will attempt to install field panels at the location indicated on the layout drawing.  If 
panels are positioned in a location other than that indicated on the layout drawings, the revised 
location shall be noted in the field on a layout drawing which will be modified at the completion of the 
project to reflect actual panel locations. 
 

2. Weather Conditions:  Geomembrane deployment shall not be done during any precipitation, in the 
presence of excessive moisture (i.e. fog, dew), in an area of standing or ponded water, or during high 
winds. 
 

3. Method of Deployment: 
 
1. The method and equipment used to deploy the panels must not damage the geomembrane or 

the supporting subgrade surface.  The supporting sub-grade must be prepared and maintained 
in a condition to support the equipment needed for the installation.  

 
2. The rolls of liner will be deployed from a spreader bar apparatus supported by a fork lift, loader or 

other piece of heavy equipment that can safely lift and move the rolls.  Heavy equipment will not 
be allowed to operate directly on geomembrane.  

 
3. No personnel working on the liner will smoke, wear shoes that can damage the geomembrane, 

or engage in actions which could result in damage to the geomembrane. 
 

4. Adequate temporary ballast and/or anchoring, (i.e. sandbags,) which will not damage the 
geomembrane, will be placed to prevent uplift of the liner by wind. 

 
5. The geomembrane will be deployed in a manner to minimize wrinkles. 
 
6. Rubber tired and tracked ATV’s and similar equipment are acceptable to operate on the 

geomembrane with ground pressure less than 8 psi.   Tires and tracks will be checked for sharp 
edges, rocks or debris that may damage the liner before operating on the geomembrane.  
Driving paths will be as straight as possible avoiding sharp turns, sudden stops and starts.  

 
7. Any damage to a panel of geomembrane will be repaired in accordance with Section IV. Any 

area of a panel seriously damaged (torn, twisted, or crimped) will be marked, cut out, and 
removed from the work area with resulting seaming and/or repairs performed in accordance with 
Section IV of this document. 

 
E. Field Seaming 
 

1. General Requirements: 
 

1. Layout:  In general, seams shall be oriented parallel to the slope, (down hill) not across the 
slope.  Whenever possible, horizontal seams should be located not less than five (5) feet 
from the toe of the slope.  Each seam shall be numbered in a manner compatible with the 
panel layout drawing for documentation of seam testing results. 

 
2. Personnel:  All personnel performing seaming operations shall be trained in the operation of 

the equipment being used and will qualify by successfully welding a test seam as described 
herein. The project foreman will provide direct supervision of all personnel seaming to verify 
proper welding procedures are followed. 

 
F. Equipment: 
 

1. Fusion Welding:  Fusion Welding consists of placing a heated wedge, mounted on a self 
propelled vehicular unit, between two (2) overlapped sheets such that both sheets are heated to 
temperatures ranging from 600 degrees F. to 950 degrees F.  After being heated by the wedge, 
the overlapped edges pass through a set of preset pressure rollers which compress the panels 
together forming a continuous homogenous fusion weld.  The fusion welder is equipped with a 
temperature readout device which continuously monitors the temperature of the wedge. 



 
2. Extrusion Fillet Welding: Extrusion welding consists of introducing a ribbon of molten resin along 

the edge of the seam overlap to the two sheets to be welded.  The molten polymer causes some 
of the material of each sheet to be liquefied resulting in a homogeneous bond between the 
molten weld bead and the surfaces of the sheets.  The extrusion welder is equipped with gauges 
giving the temperature in the apparatus and the preheat temperature at the nozzle.  

 
G. Seam Preparation: 
 

1. Fusion Welding: 
 

1. Overlap the panels approximately four (4) inches. 
 
2. Clean the seam area prior to seaming to assure the area is clean and free of moisture, dust, 

dirt and debris.      
 
3. No grinding is required for fusion welding. 
 
4. Adjust the panels so that seams are aligned with the fewest possible number of wrinkles and 

"fishmouths".  
 

2. Extrusion Welding: 
      

1. Overlap the panels a minimum of three (3) inches. 
 
2. Temporarily bond the panels to be welded taking care not to damage the geomembrane. 
 
3. Grind seam overlap prior to welding within 15 minutes of welding operation in manner that 

does not damage the geomembrane. 
 
4. Clean the seam area prior to seaming to assure the area is clean and free of moisture, dust 

dirt and debris of any kind. 
 
5. Purge the extruder prior to beginning the seam to remove all heat-degraded Extrudate from 

the barrel. 
 
6. Keep welding rod clean and off the ground. 

 
H. Test Seams: 

 
Test seams shall be performed at the beginning of each seaming period and at least once each five 
hours for each seaming apparatus used that day.  Test seams shall be made on fragment pieces of 
the liner and under the same conditions as actual seams. 
 
1. Test Seam Length: 
 

The test seam shall be at least three feet long, made by joining 2 pieces at least 9" in width. 
 
2. Sample Procedures: 

 
1. Visually inspect the seam for squeeze out, footprint, pressure and general appearance. 

 
2. Two samples one inch wide shall be cut from the test seam.  The samples shall then be 

tested in peel and shall not fail in the seam.  Failure shall be a film tear bond (FTB).  If a 
sample fails, the entire procedure shall be repeated. 

 
3. If any of the second set of samples fail, the machine shall not be accepted and used for 

seaming until the problem is corrected and 2 passing tests are achieved. 
 



4. After completion of the test the remaining portion of the test seam shall be discarded.  
Documentation of the test seams will be maintained by listing machine I.D. number, 
operators name, temperature control setting and test results. 

 
5. Passing test results records shall be maintained on NWL's test weld report form. 

 
6. If test samples are to act as destructive samples then the sample shall be marked, logged 

and saved. If samples are to be cut from the actual finished seam for Lab Testing, the test 
seams shall be discarded per above. 

 
 
 
I. General Seaming Procedures: 
 

1. Seaming shall extend to the outside edge of panels to be placed in the anchor trench. 
 

2. While welding a seam, monitor and maintain the proper overlap. 
 

3. Inspect seam area to assure area is clean and free of moisture, dust, dirt and debris of any kind. 
 

4. While welding a seam, monitor temperature gauges to assure proper settings are maintained and 
that the  machine is operating properly. 

 
5. Align wrinkles at the seam overlap to allow welding through a wrinkle. 

 
6. Fishmouths or wrinkles at seam overlaps that cannot be welded through shall be cut along the ridge 

in order to achieve a flat overlap.  The cut area shall be seamed.  Any portion where the overlap is 
inadequate shall be patched with an oval or round patch extending six inches beyond the cut in all 
directions. 
 

7. All cross/butt seams between two rows of seamed panels shall be welded during the coolest time of 
the day to allow for contraction of the geomembrane. 

 
8. All "T" joints shall have the overlap from the wedge welder seam trimmed back to allow an extrusion 

fillet weld.  Then grind two inches on either side of the seam and extrusion weld all of the area 
prepared by grinding. 

 
J. Weather Conditions:   
 

NWL relies on the experience of the Project Superintendent and the results of test seams to 
determine seaming restriction by weather.  Many factors, such as ambient temperature, humidity, 
wind, sunshine, etc., can effect the integrity of field seams and must be taken into account when 
deciding whether or not seaming should proceed.  Test seams are required prior to daily production 
seaming to determine if the weather conditions will effect NWL's ability to produce quality seams.  
Additional non-destructive and destructive testing of production seams substantiate the decision 
made by the Project Superintendent to seam on any given day.   

 
SECTION III  Seam Testing-Quality & Control-Geomembranes 
 
A.  Concept: 
 

NWL installation crews will non-destructively test all field seams over their full length using air 
pressure testing, vacuum testing or other approved method, to verify the continuity and integrity of 
the seams. 

 
B. Air Pressure Testing: 
 

The weld seam created by the fusion welding process is composed of two welded seams separated 
by an unwelded channel approximately 3/8 of an inch wide.  This channel permits seams to be 
tested by inflating the sealed channel with air to a predetermined pressure and observing the stability 
of the pressurized channel over time. 



 
C.  Equipment for air testing: 
 

1. An air pump (manual or motor driven) capable of generating and sustaining a pressure of 30 PSI. 
 
2. A rubber hose with fittings and connections. 
 
3. A sharp hollow needle with a pressure gauge capable of reading and sustaining a pressure of 30 

PSI. 
 
4. Procedure for air testing: 
 
5. Seal both ends of the seam to be tested. 
 
6. Insert needle in the sealed channel. 
 
7. Inflate the test channel to a pressure between 25 to 30 PSI, in accordance with the following 

schedule, close valve, and allow 2 minutes for the injected air to come into equilibrium in the channel. 
Observe initial pressure after approximately 2 minutes.  

 
 
INITIAL PRESSURE SCHEDULE*             MAX. PRESSURE DIFF. 
 
MATERIAL   (MIL)  MIN. PSI MAX. PSI  AFTER 5 MINUTES 
 
   40  25  30    4 

50  26  30    4 
  60  27  30    4 
  80  30  30    4 
             100  30  30    4 
 
* Initial pressure settings are read after a two minute relaxing period. The purpose of this period is to permit 
the air temperature and pressure to stabilize. 
 

8. Observe and record the air pressure five minutes after the relaxing period ends.  If loss of pressure 
exceeds the value above or if the pressure does not stabilize, locate the faulty area and repair. 

 
9. Upon completion of the pressure test the end of the seam opposite the pressure gauge is cut.  A 

decrease in gauge pressure must be observed or the air channel will be considered blocked and the 
test will be repeated after the blockage is corrected. 

 
10. Remove needle and seal resulting hole by extrusion welding. 

 
11. Record test results on non-destructive test form 

 
12. In the event of a Non-Complying Air pressure test, the following procedure shall be followed. 

 
13. Check seam-end seals and retest seams. 

 
14. If non-compliance reoccurs, cut one inch samples from each end of the seam and additional samples 

at the distance specified. 
 

15. Perform destructive field peel test on the samples. 
 

16. If all samples pass destructive testing remove the overlap left by the wedge welder and perform an 
Air Pressure/Soap Test or vacuum test. 

 
17. If a leak is detected by the air pressure/soap or the vacuum test, repair by extrusion welding. Test 

repair by vacuum testing. 
 

18. If no leak is discovered air pressure/soap testing, the seam will pass non-destructive testing. 



 
19. If no leak is discovered by vacuum testing, the seam will pass non-destructive testing. 

 
20. If one or more samples fail the peel test, additional samples will be taken. 

 
21. When two passing samples are located, the seam between these two locations will be considered 

complying.  The area outside of this length will be considered non-complying and the entire length 
extrusion welded. 

 
22. Test the entire length of the repaired seam by vacuum testing. 

 
 
 
D.  Air Pressure Testing/Soap Testing: 
 
This test is used when the seam fails the air pressure test due to slow pressure loss. The procedure is to 
constantly supply pressure to the seam air channel while spraying the length with a soap and water solution 
and visually examining the seam for bubbles.  Note: This option is not recommended during high wind 
conditions. 

 
1. Equipment for Air Pressure/Soap Testing: 
 

1. The same equipment as the air pressure test. 
 

2. A soap solution and means to apply the solution. 
 
2. Procedure for Air Pressure/Soap Testing: 
 

1. Trim excess overlap material off at edge of seam 
 

2. Insert needle gauge assembly in opposite ends of the seam to be tested to show that pressure is 
continuous throughout the channel. 
 

3. Maintain 30 psi 
 

4. Apply soap solution to the weld edge and visually examine for bubbles. 
 

5. If no bubbles appear the problem is with the inside track "secondary weld".  This seam is 
acceptable providing it has passed peel tests. 
 

6. If any bubbles appear on the outside track “Primary weld”, repair defect by extrusion welding and 
vacuum test the repair. 

 
E. Vacuum Testing: 
 
This test is used when the geometry of the weld makes air  pressure testing impossible or impractical or when 
attempting to locate the precise location of a defect believed to exist after air pressure testing.   
 

1. Equipment for vacuum testing: 
 

1. Vacuum box consisting of a rigid housing, a transparent viewing window, a soft neoprene 
gasket attached to the bottom, port hole or valve assembly and a vacuum gauge. 
 

2. Vacuum pump assembly or compressor with a venturi equipped with a pressure controller 
and pipe connections. 
 

3. A rubber pressure/vacuum hose with fittings and connections. 
 

4. A soap solution with a means to apply the solution. 
 

2. Procedure for Vacuum Testing: 



 
1. Trim excess overlap from seam. 

 
2. Apply soap solution to the area to be tested. 

 
3. Place the vacuum box over the area and apply sufficient downward pressure to seal the box 

against the liner. 
 

4. Open the vacuum valve and apply a minimum of 5 in. Hg vacuum to the area as indicated by 
the gauge on the box.    

 
5. Ensure that a leak-tight seal is created. 

 
6. For a period of not less than five seconds, examine the geomembrane through the viewing 

window for the presence of soap bubbles. 
 

7. If no bubbles appear after five to ten seconds, close the valve and move overlap and repeat 
the process. 

 
3. Procedure for non-complying test: 

 
1. Mark all areas where soap bubbles appear and repair the marked areas.  

 
2. Retest repaired areas. 

    
F. Destructive Testing: 
 

The purpose of destructive testing is to determine and evaluate seam strength. These tests require 
direct sampling and thus subsequent patching. Therefore destructive testing should be held to a 
minimum to reduce the amount of repairs required. 

 
1. Procedure for Destructive Testing:   

 
1.1. Destructive test samples shall be marked and cut out randomly at a minimum average frequency of 

one test location every 700 feet of seam length. 
 

1.2. Additional test may be taken in areas of contamination, offset welds, visible crystallinity or other 
potential cause of faulty welds. 

 
1) Sample Size: 

 
a) The sample should be twelve inches wide with a seam fourteen inches long centered lengthwise in 

the sample.  The sample may be increased in size to accommodate independent lab testing by the 
owner or by specific project specifications. 

 
b) A one inch sample shall be cut from each end of the test seam for field testing on a calibrated field 

tensiometer. 
 

2) The one inch wide samples shall be tested in the field for peel. If any field sample fails to pass FTB, it will 
be assumed the sample fails destructive testing.  The procedures outlined in Section 2 shall be followed 
to locate passing samples to send to the laboratory. 

 
i) If the sample passes the field test, the remaining portion of the sample test strip shall be sent to 

Northwest Linings for laboratory testing to evaluate seam strength and confirm field testing. 
 
1. Procedure in the event of Destructive Test Failure: 
 

1. Cut additional field samples for testing.  In the case of a field production seam, 
the samples must lay a minimum of ten feet in each direction from the location of 
the failed sample.  Perform a field test with the tensiometer for peel strength. and 
confirm field testing. 



 
 

2. If the laboratory samples pass, then reconstruct the seam up to the two passing 
sample locations. 

    
1. Heat tack the overlap along the length of the seam to be reconstructed 
and extrusion weld. 

     
2. Vacuum test the extrusion weld. 
 
3. If either of the samples fails then additional samples are taken in 
accordance with the above procedure until two passing samples are found 
to establish the zone in which the seam should be reconstructed. 

 
4. All passing seams must be bounded by two locations from which 
samples passing destructive test have been taken. 
 
5. In the case of reconstructed seams exceeding 150 feet, a sample must 
be taken and pass destructive testing. 

 
6. All destructive seam samples sent to Northwest Linings shall be 
numbered and recorded on a destructive seam test form. 

 
   3. Northwest Linings Quality Assurance Laboratory Testing: 
 

The remaining destructive sample will be sent to a qualified laboratory and 
will be tested in "Seam Strength" and "Peel Adhesion" (ASTM D 3083 and 
ASTM D413) as modified in NSF Standard No. 54.  Five specimens shall 
be tested for each test method with data recorded.  Four out of the five 
specimens must pass for each test in order for the seam to pass the 
destructive test. 

 
 
SECTION IV Defects and Repairs 
 
A. Inspection 
 
1. Northwest Linings Project Superintendent shall conduct a detailed walk through and visually check all 
seams and non-seam areas of the geomembrane for defects, holes, blisters and signs of damage during 
installation. 
 
2. All other NWL installation personnel shall at all times, be on the lookout for any damaged areas.  Damaged 
areas shall be marked and repaired. 
 
B. Procedure 
 
1. Repair procedures:  Any portion of the geomembrane showing a flaw, or failing destructive or non-
destructive test shall be repaired.  Several methods exist for repairs, and the decision as to the appropriate 
method shall be made by NWL's Project Superintendent. Methods available for repair: 
 

1. Patching - used to repair large holes, tears and  destructive sample locations.  All patches shall 
extend at least six inches beyond the defect and all corners of patches shall be rounded. 

 
2. Grinding and welding - used to repair sections of extruded seams. 

  
3. Spot welding or seaming - used to repair small tears, pinholes or other minor localized flaws. 

 
4. Capping - used to repair lengths of failed extruded areas. 

     
5. Removal of a bad seam and replacement with a strip of  new material seamed into place. 

 



 
C. Verification of Repairs: 
 
1.  Every repair shall be non-destructively tested using the methods set out in this manual Repairs which 
pass the non-destructive test shall be deemed adequate.  Large repairs may require a destructive test.  
Repair test results shall be logged on a repair report form. The repair location shall be recorded on a record 
drawing. 
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1.0 INTRODUCTION 

• Millennium Science and Engineering, Inc. (MSE) has been contracted by the United States 
Department of Agriculture, Forest Service (Forest Service) to complete a Removal Action at the 
Rainy Mine and Mill Site in the Mt. Baker-Snoqualmie National Forest.  The Removal Action is 
scheduled for 2011.   

• This Post-Removal Monitoring and Operations & Maintenance (O&M) Plan describes the post-
Removal Action monitoring activities to be conducted at the Rainy Mine and Mill Site beginning 
in Summer 2012.    
o The plan combines elements of a Sampling and Analysis Plan (SAP) and Quality Assurance 

Project Plan (QAPP).   
o The plan discusses the laboratory analytical procedures and quality assurance/quality control 

(QA/QC) methods to be employed both in the field and the lab to ensure data quality.   
o The plan also discusses general O&M activities that may be required. 

• Field forms are provided in Attachment A. 
• An operator’s manual for the MHE products push point pore water samplers is provided in 

Attachment B. 
 
1.1 Purpose and Objectives  

• MSE will conduct 3 years of annual post-removal monitoring of the aquatic habitat at the Site to 
assess the overall effectiveness of Removal Action activities. Objectives of the Removal Action 
were to: (1) eliminate potential exposure pathways to mine waste and soil containing high 
concentrations of arsenic and metals, (2) minimize offsite transport of contaminated soil and 
sediment to surface water in Quartz Creek, (3) improve surface water quality, and (4) mitigate 
physical hazards at the Site. 

• The primary objectives of the post-removal monitoring will be to: 
o Compare post-removal aquatic habitat conditions to pre-removal conditions; 
o Assess surface water, sediment, and pore water quality; and 
o Evaluate the soil cover integrity and success of revegetation efforts on the repository and 

reclaimed waste excavation areas. 
• The Site will be inspected for revegetation success, evidence of erosion, slumps, or other damage. 
• Surface water, pore water, sediment, and benthic samples will be collected twice each year, once 

during high flow spring events and once during low flow late summer or fall events, for 
comparison with site characterization and pre-removal monitoring results:  
o Surface water, pore water, and sediment samples will be collected from four locations: (1) the 

west seep, (2) the east seep, (3) Quartz Creek upstream of the Site (QC-01), and (4) Quartz 
Creek downstream of the Site (QC-03).   

o Benthic samples will be collected only from the two surface water locations on Quartz Creek.  
o The sampling approach and methodology are based on a refined set of sampling locations and 

analytical parameters established in the Site Inspection (SI) completed by Cascade Earth 
Sciences (CES) in 2005.  

o Annual monitoring reports summarizing the analytical results of the two sampling events and 
comparing to previous monitoring results will be prepared and submitted to the Forest 
Service by the end of each calendar year.  Only a brief data synopsis will be provided 
following the first (spring) event. 

 



Rainy Mine  
Post-Removal Monitoring and O&M Plan  Page 2
 

1.2 Schedule 
 

• The annual sampling will be scheduled to coincide with the site characterization sampling 
conducted during the SI by CES in late June 2004 or the pre-removal monitoring conducted by 
MSE in April and October 2010. 

• The first post-removal monitoring event is scheduled for 2012. The second post-removal 
monitoring event is scheduled for 2013, and the third post-removal monitoring event is scheduled 
for 2014.   

• Specific dates will be depend on weather conditions and Site access.  If possible, the second and 
third monitoring events will be scheduled during the same time of year as the first event. 

 
1.3 Site Description  

• The Rainy Mine and Mill Site (i.e., the Site) is an inactive copper mine located about 12 miles 
northeast of North Bend, Washington.   

• Site access via FR 5640 is narrow and currently requires a high-clearance, 4-wheel drive vehicle. 
• The Site is located along a steep, heavily forested slope adjacent to Quartz Creek at an elevation 

of about 1,800 feet.  Quartz Creek, is a tributary to the Taylor River, which flows into the Middle 
Fork Snoqualmie River.   

• The site is divided into two zones, east and west, separated by a distance of about 400 feet.   
o Pre-removal site features in the east zone included: 

− An open vertical shaft,  
− Winze,  
− Concrete mill foundation,  
− Miscellaneous debris including an aboveground storage tank (AST), and  
− A large waste rock pile (WR-1) containing approximately 2,000 bank cubic yards (bcy) 

of fine- to coarse-grained material.  Water seeps from the toe of the waste rock pile in 
two locations and forms a marshy area that eventually drains into Quartz Creek.   

o Pre-removal site features in the west zone (upstream of the east zone) included: 
− An open adit, and  
− One small waste rock pile (WR-2) containing approximately 25 bcy of fine- to coarse-

grained material.    
 

2.0 POST-REMOVAL MONITORING AND O&M ACTIVITIES 

• Post-removal monitoring activities will consist of:  
o A general visual inspection of areas disturbed during removal activities at the Site;  
o Collecting surface water, pore water, sediment and benthic macroinvertebrate samples;  
o Completing an aquatic habitat survey;  
o Taking representative photos of the Site with an effort to replicate the post-removal action 

photos taken at completion of the Removal Action; and  
o Preparing Annual Monitoring Reports. 

 
2.1 General Site Inspection 
 

• The repository and reclaimed waste excavation and disturbed areas of the Site will be inspected to 
evaluate soil cover integrity and revegetation success.   
o The areas will be inspected for noxious weeds and evidence of erosion or damage from ATV 

traffic or other causes.   
o The bat gate will be inspected for vandalism.   
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o The backfilled shaft will be inspected for settling or collapse. 
o The repository will be inspected for revegetation success, sloughing material, erosion, and 

areas of exposed liner. 
o The reclaimed mine waste areas will be inspected for revegetation success and evidence of 

erosion. 
• Any evidence of significant erosion or other damage will be photographed and reported to the 

Forest Service OSC. 
 
2.2 Sample Collection 

 
• Surface water, pore water, and sediment, and benthic samples will be collected for comparison 

with site characterization (i.e. samples collected during the SI) and pre-removal monitoring 
sample results. The proposed sampling approach and methodology are based on the SI using a 
refined set of sampling locations and analytical parameters. The list of metals to be analyzed for 
are based on the metals that exceeded Washington State or Federal risk screening criteria in 
samples collected during the SI (CES 2005). The samples to be collected and methodology are 
described below and summarized in Table 1.   

 
2.3 Operations and Maintenance 
 

• The Site will be inspected annually for revegetation success, evidence of erosion, slumps, 
exposed liner, or any failures from improperly placed materials during the Removal Action.  
o The post-removal inspections will be conducted concurrently with the post-removal sampling 

events and the results will be included in the annual monitoring reports. 
o The Forest Service OSC will be notified of any site conditions or damages that require 

immediate attention. 
o MSE will warranty work conducted during the Removal Action for 1 year during which any 

site damages or failures resulting from improper construction methods or materials will be 
repaired by MSE as specified in the master contract.  Failures or damages resulting from 
normal natural causes such as snowfall and rain will be covered.  However, extraordinary 
events such as a major windfall or rock slide/fall or other means outside of MSE’s control, 
such as vandalism, will not be covered. 

 
3.0 SAMPLING AND ANALYSIS PLAN 
 

• This section describes the sampling methods and procedures for each media; sample management 
activities such as sample identification, preservation, and shipping, laboratory analysis, 
decontamination procedures, and investigation derived waste. 

 
3.1 Sampling Methods and Procedures 
 

• The sampling approach and methods are described in the following subsections by media type.   
o Where possible, disposable single-use sampling equipment will be used for sample collection. 
o Field quality control samples will consist of one matrix spike/matrix spike duplicate pair 

(MS/MSD) and a field blank.   
o All observations, conversations, measurements and photograph descriptions will be recorded 

promptly in a bound waterproof logbook. The logbook will also record when, where, and how 
all samples were collected, along with pertinent observations.   

o During the sampling, all disturbances to the environment will be minimized.   
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o Upon completion of the sampling, any trash or investigation derived waste generated during 
the sampling will be removed from the site and properly disposed of. 

 
3.1.1  Surface Water   

 
• Surface water sampling will include collecting grab samples, measuring flows, and measuring 

field parameters. Surface water samples will be collected from four of the eight surface water 
locations sampled during the SI: (1) Quartz Creek upstream of the Site (QC-01), (2) Quartz Creek 
downstream of the Site (QC-03), (3) the west seep (RM-SEEP-SW1), and (4) the east seep (RM-
SEEP-SW2).  The sampling locations are shown on Figures 1 and 2. 
o All sampling will proceed from downstream to upstream locations to avoid cross 

contamination.   
o The water samples will be collected from each source by submerging a laboratory supplied, 

500-mL, wide-mouth, plastic bottle directly into the water using one of two methods.   
- If there is sufficient depth, the bottle will be placed upside down into the center of stream 

and then slowly inverted while under the surface to allow the bottle to fill; care will be 
taken to avoid contacting or disturbing the stream bottom.   

- Alternatively for shallow stream depths, the bottle can be placed with the opening pointed 
slightly upward toward and into the current allowing the container to fill. Sufficient 
headspace will be left to allow for sample preservative. Care will be taken to prevent 
disturbing the sediment and organic material during sample collection.   

- If the source is too shallow to collect a sample using either of these methods, disposal 
Tygon tubing and a portable pump will be used to extract a sample. New tubing will be 
used for each sample.  

o Samples requiring dissolved analyses will be filtered in the field using disposable Tygon 
tubing, a portable pump, and a disposable 0.45-micron filter.   
- An unfiltered sample will first be collected as described above.   
- The unfiltered sample will then be pumped though a new disposable filter into a clean 

sample container.   
- A new filter and new tubing will be used for each sample. 

o The appropriate preservative (Table 2) will be added to the sample and the container will be 
tightly capped.   

o The samples will be labeled and packaged as described in Section 4.2, and submitted for the 
analysis summarized in Table 1.   

o The field parameters summarized in Table 1 will be measured during sample collection and 
recorded on the Water Sample Collection Record (Attachment A). The field parameters 
include pH, temperature, conductivity (EC), dissolved oxygen (DO), and oxidation-reduction 
potential (ORP) or Eh.   
- A multi-parameter water quality meter will be used to measure the field parameters by 

collecting a water sample in a decontaminated 500-mL beaker and submerging the sensor 
in the sample.   

- The instrument will be calibrated and operated per the manufacturer’s specifications.   
- All field calibrations, measurements, and notations will be recorded in the Field 

Logbook. 
o The flow at each sampling location will be estimated and recorded.   

- The sample ID, flow, and field parameters will be documented on a Water Sample 
Collection Record (Attachment A). 
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3.1.2  Pore Water   
 

• Pore water samples will be collected from the four surface water sample locations described 
above.    
o The pore water samples will be collected from the pore space in gravels in pool habitats 

where the substrate exceeds 6 inches depth.  
o The samples will be collected using a 27-inch stainless-steel sampler (MHE Products PP-27) 

in accordance with the manufacturer’s Operation Manual and Applications Guide 
(Attachment B).   
- The sampler will be inserted to a minimum depth of 6 inches and a pore water sample 

will be extracted using a syringe and Tygon tubing or portable pump at a flow rate of 50 
to 200 milliliters per minute (mL/min).   

- The pore water sample will be transferred from the syringe directly into a laboratory 
supplied, 500-mL plastic bottle.   

- Sufficient headspace will be left to allow for sample preservative.   
o The appropriate preservative (Table 2) will be added to the samples and the container will be 

tightly capped. The samples will be labeled and packaged as described in Section 4.2, and 
submitted for the analysis summarized in Table 1.   

o Field parameters will be measured during sample collection by collecting a water sample in a 
decontaminated 500-mL beaker and submerging the sensor in the sample.   
- Field parameters will include pH, temperature, EC, DO, and ORP or Eh.   

o The sample ID and field parameters will be documented on a Water Sample Collection 
Record (Attachment A). 

 
3.1.3  Sediment   

 
• Sediment samples will be collected from the four surface water sample locations described above.    

o The sediment samples will each be a composite sample consisting of two 250-mL 
subsamples, one from pool and one from riffle habitat.   
- The sediment samples will be collected from 0 to 18 inches below the streambed using 

disposable, single-use hand trowels, or disposable push samplers.    
- The composite samples will be homogenized by combining the subsamples in a 1-gallon 

plastic bag and thoroughly mixing.   
- Gravel and organic media will be removed and the sample will be placed in a laboratory 

supplied, 500-mL, wide-mouth plastic bottle.   
- Any water in the sample will be decanted so that the bottle is filled with as much 

sediment as possible. 
o The bottles will be labeled and packaged as described in Section 4.2. The samples will be 

submitted for the analyses summarized in Table 1. The lab will be instructed to screen the 
sediment sample and discard material greater than 2 millimeters in diameter to focus the 
analysis on the finer material.   

o The samples will be documented on a Sediment Sample Collection Record (Attachment A). 
 
3.1.4 Aquatic Survey and Benthic Macroinvertebrates   
 

• An aquatic survey will be conducted at the two surface water sampling locations on Quartz Creek 
(QC-01 and QC-03) to evaluate potential changes in the stream habitat and benthic 
macroinvertebrate community.     
o One stream reach, each approximately 100 meters in length, will be established at each 

location. 
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o An aquatic habitat survey will be conducted for the 100-meter reaches following the 
protocols outlined in the U.S. EPA Rapid Bioassessment Protocols for Use in Streams and 
Wadeable Rivers (Barbour et.al 1999) and Benthic Macroinvertebrate Biological Monitoring 
Protocols for Rivers and Streams (Plotnikoff and Wiseman 2001).  

o The aquatic habitat survey will consist of collecting quantitative as well as qualitative data on 
water chemistry and physical habitat.   

o Habitat ratings will be completed for the reach using the U.S EPA Rapid Bioassessment 
Protocols for Use in Streams and Wadeable Rivers- Habitat Assessment Field Data Sheets   
(Barbor et.al. 1999).   

o Two composite macroinvertebrate samples will be collected from each reach, one from pool 
habitat and one from riffle habitat.   
- Each composite sample will consist of three subsamples from different pool or riffle 

habitats within the stream reach. Collection of macroinvertebrate samples from specific 
pool habitats is necessitated by the potential of tailings mobilizing into the streams and 
settling in areas of slower moving water.   

- The macroinvertebrate samples will be collected using a D-ring kick net. Sampling 
techniques will be in accordance with the Benthic Macroinvertebrate Biological 
Monitoring Protocols for Rivers and Streams (Plotnikoff and Wiseman 2001).   

- Samples will be labeled (both inside and outside the container) as described in Section 
4.2.   

- Samples will be preserved in the field by 85 percent ethanol. The samples will be 
packaged as described in Section 4.2 and shipped to Aquatic Biology Associates, Inc. for 
processing.   

- The benthic samples will be documented on the appropriate forms provided in 
Attachment A. 

 
3.2 Sample Management 
 

• The following sections describe sample management activities, including sample designation, 
preservation, and shipping.   

 
3.2.1 Sample Preservation 
 

• Samples will be preserved as appropriate for the required analysis. The method of preservation 
and sample holding times are summarized in Table 2.   
o Solid media samples will be preserved by chilling and maintaining them at 4 °C.   
o Aqueous samples requiring inorganics analysis will be preserved by adding nitric acid 

(HNO3).   
 
3.2.2 Sample Designation 
 

• Sample containers will be sealed at the time of collection and an adhesive label placed over the 
lid and threads to ensure that the sample container has not been tampered with prior to delivery to 
the laboratory.   
o The sample number, date and time of sample collection, sampler’s initials, and requested 

analysis shall be recorded on the label using an indelible ink ball-point pen.   
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3.2.3 Shipping 
 

• The sample containers will be placed in a cooler suitable for transportation or shipping to the 
analytical laboratory.   
o Plastic bags filled with ice and sealed shall be placed in the cooler to maintain the samples at 

4 °C until delivery to the laboratory.   
o Care shall be exercised to prevent direct contact between the samples and ice.   

• Chain-of-Custody forms shall be used to document and track sample possession. The samples in 
each cooler and the required analysis will be recorded on a Chain-of-Custody.   
o Care will be taken to ensure the required analysis is consistent with the sample labels.  
o The sampler will retain one copy of the Chain-of-Custody and the original will be sealed in a 

plastic bag and placed in the cooler with the samples.   
o When transferring possession of the samples, the Chain-of-Custody will be signed and dated 

by the sample custodian.   
o The cooler will be sealed with tape and custody seals placed across the cooler opening and 

initialed.   
• The surface water, pore water, and sediment samples will be shipped via Federal Express to SVL 

Analytical (SVL) Laboratory in Kellogg, Idaho. The benthic macroinvertebrate samples will be 
shipped via Federal Express to Aquatic Biology Associates, Inc. in Corvallis, Oregon. The 
Federal Express airbills will be retained as part of the permanent Chain-of-Custody 
documentation.   

 
3.3 Laboratory Analysis 
 

• Table 1 summarizes the samples to be collected during the post-removal monitoring and the 
corresponding laboratory analyses. Table 2 summarizes the analytical methods, required sample 
volumes, preservatives, and holding times.   
o The metals to be analyzed for are based on analytes that exceeded Washington State or 

Federal risk screening criteria in samples collected during the SI (CES 2005).   
o The labs will be instructed to hold and maintain all remaining sample volumes for additional 

analysis, if determined necessary.   
• The water samples will also be analyzed for hardness, pH, total dissolved solids (TDS), and total 

suspended solids (TSS).   
• The macroinvertebrate samples will be sorted and subsampled using a Caton type sample splitter.    

o Large debris and inorganic sediment will be inspected for attached invertebrates and removed 
from the sample and placed back into the original container.   

o A 300-count subsample will be utilized for this project.   
o Macroinvertebrates will be identified to the lowest practical level, usually genus or species.  

This includes Chironomidae to genus/species and Oligochaeta to species.   
o Macroinvertebrates will be identified using published taxonomic keys.  

 
3.4 Decontamination Procedures 
 

• Where possible, disposable single-use sampling equipment will be used for sample collection.  
For non-disposable sampling equipment, a temporary decontamination area will be set up.   
o The decontamination area will be equipped with brushes, solvents, and distilled rinse water.   
o Sampling equipment will be decontaminated before each use by scrubbing with detergent, 

rinsing with a dilute HNO3 solution (10 parts distilled water to 1 part HNO3), and rinsing with 
distilled water.   

o The equipment will be allowed to air dry before use.   
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3.5 Investigation-derived Waste 
 

• All decontamination fluids will be allowed to drain onto the ground surface at the Site and 
infiltrate.  
o Disturbances to the Sites and environment during the monitoring event will be minimized.   
o Upon completion of the monitoring event, any trash or investigation derived waste generated 

during sampling will be removed and properly disposed of.   
 
4.0 QUALITY ASSURANCE PROJECT PLAN 
 

• This section describes the data quality objectives, field QA/QC procedures, and the analytical 
laboratory QA/QC methods and procedures. 

 
4.1 Data Quality Objectives 
 

• Data quality objectives (DQO) are qualitative and quantitative statements that describe the study 
objectives, data to be collected and study boundary, decision rules, tolerable limits on decision 
errors, and sampling design. DQOs were developed using EPA’s seven-step process (EPA 2000), 
and are presented in Table 3. 

 
4.2 Field QA/QC 
 

• Field QA/QC will consist of:  
o Following standard sampling procedures, 
o Maintaining proper sample handling and documentation, 
o Calibrating and maintaining field instruments, and 
o Collecting field QA/QC samples.   

• All sampling methods and procedures will follow standard MSE protocols, unless otherwise 
noted, and all field equipment will be operated, maintained, calibrated, and standardized in 
accordance with the manufacturer’s recommended procedures.   

• Field QA/QC samples will be collected to evaluate the precision, accuracy, and 
representativeness of the field sampling effort. Field QA/QC samples will consist of one matrix 
spike/matrix spike duplicate pair (MS/MSD) and one field blank.   

• The MS/MSD duplicate pair samples combine the QA/QC objectives of a normal field duplicate 
and a laboratory MS/MSD sample.   
o The MS/MSD duplicates are collected at the same time and in the same manner as the other 

samples. However, unlike typical field duplicates, the samples are clearly labeled as 
MS/MSD samples.   

o The laboratory prepares the MS/MSD samples by adding a known concentration of a specific 
analyte. The corresponding analytical results measure: (1) the efficiency of the analytical 
method for the known analyte, and (2) the consistency of the overall sampling and analytical 
procedures for the remaining analytes.   

• The samples will be submitted for the analyses listed in Tables 1 and 2. 
• The field QA/QC samples will be collected, handled, transported, and analyzed in the same 

manner as the monitoring samples.   
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4.3 Laboratory QA/QC 
 
• The EPA has accredited the analytical laboratory selected for analysis of the monitoring samples.   
• The laboratory will follow EPA Level II protocol for analysis and reporting, including laboratory 

blanks, laboratory duplicates, and MS/MSDs.   
• All samples will be analyzed within the required holding time for each analytical procedure.   
• Detected concentrations between the method detection limit (MDL) and practical quantification 

limit (PQL) will be noted in the analytical summaries.   
• All analytical results will be reviewed to ensure that the laboratory QA/QC sample results are 

within the acceptable limits.   
 

5.0 ANNUAL MONITORING REPORT 
 

• MSE will prepare and submit Annual Post-Removal Monitoring Reports that summarize field 
observations and analytical results of the samples collected. The reports will include the 
following: 
o Analytical results of site characterization and pre-removal samples collected from the four 

monitoring locations (QC-01, QC-03, RM-SEEP-SW1, and RM-SEEP-SW2) for comparison 
to the post-removal monitoring results and trend analysis; 

o Descriptive text and photographs that document the changing Site conditions over time; 
o An interpretation of the analytical results and discussion regarding any observed trends; and   
o Completed field forms, photographs, laboratory analytical results, tables, graphs, and any 

other supporting documentation.   
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Table 1.  Post-Removal Monitoring Samples and Analyses, Per Sampling Event  

Location Medium 
Number of 

Samples Analyses 
(1) Quartz Creek 
upstream of the 
Site (QC-01) 
 
(2) Quartz Creek 
downstream of the 
Site (QC-03) 
 
(3) West Seep 
(RM-AWR1) 
 
(4) East Seep 
(RM-AWR2) 

Surface 
Water 4 

Total & Dissolved Metals: Al, As, Ba, Cd, Cu, 
Fe, Zn 
Hardness (Ca & Mg), pH, TDS, TSS  
Seeps only add: K, Na, Sulfate, Chloride, 
Alkalinity 
Field Parameters: pH, Temp, DO, EC, ORP/Eh 

Pore Water 4 

Sediment 4 Metals: Ag, As, Cd, Cu 

Benthic 
Organisms 2 Taxonomy, generally to genus/species 

Site Water 
QA/QC 

1 blank, 
1 MS/MSD 

pair 

Total & Dissolved Metals: Al, As, Ba, Cd, Cu, 
Fe, Zn 

Notes: 
DO = Dissolved oxygen 
EC = Electrical conductivity 
MS/MSD = Matrix spike/matrix spike duplicate 
ORP/Eh = Oxygen reduction potential 
TDS = Total dissolved solids 
Temp = Temperature 
TSS = Total suspended solids 



 
 
 
Table 2.  Sample Volume, Preservative, and Holding Time Summary 

Medium Laboratory Analysis Method Container/Volume Preservative(a) Holding Time 
Sediment Metals: Ag, As, Cd, Cu  200.7, 200.2, 7471 One 8-oz soil jar None 6 months 

Waters 

Dissolved Metals: Al, As, Ba, 
Cd, Cu, Fe, Zn 200.7, 200.2 One 500-mL plastic bottle HNO3 to pH<2 6 months 

Total Recoverable Metals: Al, 
As, Ba, Cd, Cu, Fe, Zn 200.7, 200.2 One 500-mL plastic bottle HNO3 to pH<2 6 months 

TDS 
TSS 
pH 

Hardness as CaCO3 
Sulfate 

Alkalinity 
Chloride 

160.1 
160.2 
150.1 

130.2/2340C 
300.0 

2320B/2310B 
300.0 

One 500-mL plastic bottle None 

7 days 
7 days 

Immediately 
28 days 
28 days 
28 days 
28 days 

Notes: 
a  All samples will be cooled to 4oC. 
mL = Milliliter 
oz = ounce 
HNO3 = Nitric acid 
TDS = Total dissolved solids 
TSS = Total suspended solids 

 



Table 3.  Data Quality Objectives 
STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7 

State the Problem 
Identify the 

Decision 
Identify Inputs to 

the Decision 
Define Study 
Boundaries 

Develop Decision 
Rule 

Specify Tolerable 
Limits on Decision 

Errors 
Optimize Sampling 

Design 
• The effectiveness 

of the Removal 
Action is 
unknown. 

1. Do metals 
concentrations 
exceed pre-
removal levels? 

2. Do metals 
concentrations 
exceed state 
and federal 
regulatory 
criteria? 

3. Has the aquatic 
habitat 
improved post-
removal? 

4. Did the 
Removal 
Action achieve 
the desired 
objectives? 

• Analytical results 
of surface water, 
pore water, 
sediment, and 
benthic samples 

• Results of aquatic 
habitat survey 

• State and federal 
regulatory 
criteria for 
surface water and 
sediment quality 

 

 

• East and west 
seeps, and aquatic 
habitat on Quartz 
immediately 
downstream of 
the Site  

• If metals 
concentrations 
exceed pre-
removal levels 
and regulatory 
criteria, evaluate 
the need for 
further Removal 
Action at the Site.  
Otherwise, 
continue 
monitoring. 

• Decision errors 
will be 
minimized 
through 
consistency in 
sampling 
locations and 
methodology.   

• Field and 
laboratory 
QA/QC samples 
will be used to 
ensure that data 
are of known 
precision and 
accuracy. 

 

• Sampling 
locations will be 
selected based on 
locations used in 
the SI.   

• The analytical 
suite will be 
based on analytes 
that exceeded 
risk-screening 
criteria in pre-
removal samples 
collected during 
the SI. 

 

Notes: 
QA/QC = Quality assurance/Quality Control 
SI = Site Inspection 
 

 



 

ATTACHMENT A 
 

FIELD FORMS 



Project: Rainy Mine Post-removal Monitoring

Project Number:

Location: Mt. Baker-Snoqualmie National Forest, Washington

Field Personnel:

USFS Personnel:

Date:

FIELD CONDITIONS

Weather: Sunny Partly cloudy Cloudy Rain      Snow Temp

Precipitation: Dry Recent Current Wind: 0 <5 5-15 15-30 >30

VISITORS TO THE SITE

FIELD WORK SUMMARY

MSE  Daily Field Summary

Name Purpose of Visit:Company:



SAMPLE ID:

Sample Location: Rainy Mine Photo:

Description:

Date:

Field Personnel:

Conditions: Weather: Sunny Cloudy Rain

FIELD PARAMETER MEASUREMENT

Field Meter: Field Parameters:

YSI Temperature (Celcius)

pH (pH units)

SpCond (microS/cm)

Dissolved O2 (mg/L)

ORP (mV)

Method: In-situ

Measurement START Time: Measurement END Time:

FLOW MEASUREMENT

Method: Flow Meter: Flume: Timed Volumetric:

Description:

Flow:

SAMPLE COLLECTION

Sample Method: Bottle Pump Other:

Sample Collection Time:

# Sample Containers

STREAM CROSS-SECTION/COMMENTS
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SAMPLE ID:

Sample Location: Rainy Mine Photo:

Description:

Date:

Field Personnel:

Conditions: Weather: Sunny Cloudy Rain

METHOD
Grab: Depth:

Composite:

SAMPLE COLLECTION
Equipment: Trowel Push Sampler Other:

Sample Collection Time:

# Sample Containers

DESCRIPTION/COMMENTS
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MSE  Sediment Sample Collection Record

DepthHabitat Comments



Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 1 A-5

PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET
(FRONT)

STREAM NAME LOCATION

STATION #_________ RIVERMILE_________ STREAM CLASS

LAT ______________ LONG ______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE ________
TIME _________     AM     PM

REASON FOR SURVEY

WEATHER
CONDITIONS

Now

‘
‘
‘

____%‘
‘

storm (heavy rain)
rain (steady rain)

showers (intermittent)
%cloud cover
clear/sunny

Past 24
hours
‘
‘
‘
‘____%
‘

Has there been a heavy rain in the last 7 days?
‘ Yes ‘ No

Air Temperature_____0 C

Other____________________________________ 

SITE LOCATION/MAP Draw a map of the site and indicate the areas sampled (or attach a photograph)

STREAM
CHARACTERIZATION

Stream Subsystem
‘ Perennial ‘ Intermittent ‘ Tidal

Stream Origin
‘ Glacial ‘ Spring-fed
‘ Non-glacial montane ‘ Mixture of origins
‘ Swamp and bog ‘ Other__________ 

Stream Type
‘ Coldwater ‘ Warmwater

Catchment Area__________km2
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET
(BACK)

WATERSHED
FEATURES

Predominant Surrounding Landuse
‘ Forest ‘ Commercial
‘ Field/Pasture ‘ Industrial
‘ Agricultural ‘ Other _______________
‘ Residential

Local Watershed NPS Pollution
‘ No evidence ‘ Some potential sources
‘ Obvious sources

Local Watershed Erosion
‘ None ‘ Moderate ‘ Heavy

RIPARIAN
VEGETATION
(18 meter buffer)

Indicate the dominant type and record the dominant species present
‘ Trees ‘ Shrubs ‘ Grasses ‘ Herbaceous

dominant species present __________________________________________________

INSTREAM 
FEATURES

Estimated Reach Length _______m

Estimated Stream Width _______m

Sampling Reach Area _______m2

Area in km2 (m2x1000) _______km2

Estimated Stream Depth _______m

Surface Velocity _______m/sec
(at thalweg)

Canopy Cover
‘ Partly open ‘ Partly shaded ‘ Shaded

High Water Mark _______m

Proportion of Reach Represented by Stream
Morphology Types
‘ Riffle_______% ‘ Run_______%
‘ Pool_______%

Channelized ‘ Yes ‘ No

Dam Present ‘ Yes ‘ No

LARGE WOODY 
DEBRIS

LWD _______m2

Density of LWD _______m2/km2 (LWD/ reach area)

AQUATIC
VEGETATION

Indicate the dominant type and record the dominant species present
‘ Rooted emergent ‘ Rooted submergent ‘ Rooted floating ‘ Free floating
‘ Floating Algae ‘ Attached Algae

dominant species present __________________________________________________

Portion of the reach with aquatic vegetation _____%

WATER QUALITY Temperature________0 C

Specific Conductance________

Dissolved Oxygen ________

pH ________

Turbidity ________

WQ Instrument Used _______________

Water Odors
‘ Normal/None ‘ Sewage
‘ Petroleum ‘ Chemical
‘ Fishy ‘ Other________________

Water Surface Oils
‘ Slick ‘ Sheen ‘ Globs ‘ Flecks
‘ None ‘ Other_________________________

Turbidity (if not measured)
‘ Clear ‘ Slightly turbid ‘ Turbid
‘ Opaque ‘ Stained ‘ Other________

SEDIMENT/
SUBSTRATE

Odors
‘ Normal ‘ Sewage ‘ Petroleum
‘ Chemical ‘ Anaerobic ‘ None
‘ Other__________________________________

Oils
‘ Absent ‘ Slight ‘ Moderate ‘ Profuse

Deposits
‘ Sludge ‘ Sawdust ‘ Paper fiber ‘ Sand
‘ Relict shells ‘ Other_________________

Looking at stones which are not deeply embedded,
are the undersides black in color?
‘ Yes ‘ No

INORGANIC SUBSTRATE COMPONENTS
(should add up to 100%)

ORGANIC SUBSTRATE COMPONENTS
(does not necessarily add up to 100%)

Substrate
Type

Diameter % Composition in
Sampling Reach

Substrate
Type

Characteristic % Composition in
Sampling Area

Bedrock Detritus sticks, wood, coarse plant
materials (CPOM)

Boulder > 256 mm (10")

Cobble 64-256 mm (2.5"-10") Muck-Mud black, very fine organic
(FPOM)

Gravel 2-64 mm (0.1"-2.5")

Sand 0.06-2mm (gritty) Marl grey, shell fragments

Silt 0.004-0.06 mm

Clay < 0.004 mm (slick)



Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2 A-7

HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

STREAM NAME LOCATION

STATION #__________ RIVERMILE__________ STREAM CLASS

LAT _______________ LONG _______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE   ________ 
TIME ________     AM     PM

REASON FOR SURVEY
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

Greater than 70% of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

40-70% mix of stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

20-40% mix of stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 20% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

2. Embeddedness
Gravel, cobble, and
boulder particles are 0-
25% surrounded by fine
sediment.  Layering of
cobble provides diversity
of niche space.

Gravel, cobble, and
boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are more
than 75% surrounded by
fine sediment.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

3. Velocity/Depth
Regime

All four velocity/depth
regimes present (slow-
deep, slow-shallow, fast-
deep, fast-shallow). 
(Slow is < 0.3 m/s, deep is
> 0.5 m.)

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than
if missing other regimes).

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

4. Sediment
Deposition

Little or no enlargement
of islands or point bars
and less than 5% of the
bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottom affected; slight
deposition in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottom affected; sediment
deposits at obstructions, 
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediment
deposition.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

5. Channel Flow
Status

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0



HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

6. Channel
Alteration 

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and
disrupted.  Instream
habitat greatly altered or
removed entirely.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

7. Frequency of
Riffles (or bends) 

Occurrence of riffles 
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
to 7); variety of habitat is
key.  In streams where
riffles are continuous, 
placement of boulders or
other large, natural
obstruction is important.

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15. 

Occasional riffle or bend;
bottom contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25. 

Generally all flat water or
shallow riffles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25.  

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

8. Bank Stability
(score each bank)

Note: determine left
or right side by
facing downstream.

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems.  <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

9. Vegetative
Protection (score
each bank)

More than 90% of the
streambank surfaces and
immediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident;
almost all plants allowed
to grow naturally.

70-90% of the
streambank surfaces
covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the
streambank surfaces
covered by vegetation;
disruption obvious;
patches of bare soil or
closely cropped vegetation
common; less than one-
half of the potential plant
stubble height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10      9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10      9 8           7           6 5           4           3 2           1           0

10.  Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

Total Score __________



Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 3 A-9

HABITAT ASSESSMENT FIELD DATA SHEET—LOW GRADIENT STREAMS (FRONT)

STREAM NAME LOCATION

STATION #__________ RIVERMILE__________ STREAM CLASS

LAT _______________ LONG _______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS

FORM COMPLETED BY DATE  _________
TIME _________     AM     PM

REASON FOR SURVEY
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal
Substrate/
Available Cover

Greater than 50% of
substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

30-50% mix of stable
habitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization (may rate at
high end of scale).

10-30% mix of stable
habitat; habitat
availability less than
desirable; substrate
frequently disturbed or
removed.

Less than 10% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

2. Pool Substrate
Characterization

Mixture of substrate
materials, with gravel and
firm sand prevalent; root
mats and submerged
vegetation common.

Mixture of soft sand, mud,
or clay; mud may be
dominant; some root mats
and submerged vegetation
present.

All mud or clay or sand
bottom; little or no root
mat; no submerged
vegetation.

Hard-pan clay or bedrock;
no root mat or vegetation.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

3. Pool Variability
Even mix of large-
shallow, large-deep,
small-shallow, small-deep
pools present.

Majority of pools large-
deep; very  few shallow.

Shallow pools much more
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

4. Sediment
Deposition

Little or no enlargement
of islands or point bars
and less than <20% of the
bottom affected by
sediment deposition. 

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 20-50% of the
bottom affected; slight
deposition in pools. 

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 50-80% of the
bottom affected; sediment
deposits at obstructions, 
constrictions, and bends;
moderate deposition of
pools prevalent.

Heavy deposits of fine
material, increased bar
development; more than
80% of the bottom
changing frequently; pools
almost absent due to
substantial sediment
deposition.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

5. Channel Flow
Status

Water reaches base of
both lower banks, and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or
<25% of channel substrate
is exposed.

Water fills 25-75% of the
available channel, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostly
present as standing pools.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0
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Habitat
Parameter

Condition Category

Optimal Suboptimal Marginal Poor

6. Channel
Alteration 

Channelization or
dredging absent or
minimal; stream with
normal pattern.

Some channelization
present, usually in areas of
bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; embankments
or shoring structures
present on both banks; and
40 to 80% of stream reach
channelized and disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and disrupted.
 Instream habitat greatly
altered or removed
entirely.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

7. Channel
Sinuosity

The bends in the stream
increase the stream length
3 to 4 times longer than if
it was in a straight line. 
(Note - channel braiding is
considered normal in
coastal plains and other
low-lying areas.  This
parameter is not easily
rated in these areas.)

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

The bends in the stream
increase the stream length
1 to 2 times longer than if
it was in a straight line.

Channel straight;
waterway has been
channelized for a long
distance.

SCORE   20     19     18     17     16 15    14     13    12    11 10      9       8       7       6 5     4     3     2     1     0

8. Bank Stability
(score each bank)

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems.  <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.  5-30% of bank in
reach has areas of erosion.

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

9. Vegetative
Protection (score
each bank)

Note: determine left
or right side by
facing downstream.

More than 90% of the
streambank surfaces and
immediate riparian zone 
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through grazing
or mowing minimal or not
evident; almost all plants
allowed to grow naturally.

70-90% of the streambank
surfaces covered by native
vegetation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the streambank
surfaces covered by
vegetation; disruption
obvious; patches of bare
soil or closely cropped
vegetation common; less
than one-half of the
potential plant stubble
height remaining.

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to 
5 centimeters or less in
average stubble height.

SCORE ___ (LB) Left Bank 10 9    8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9   8           7           6 5           4           3 2           1           0

10.  Riparian
Vegetative Zone
Width (score each
bank riparian zone)

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-
12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activities.

SCORE ___ (LB) Left Bank 10 9 8           7           6 5           4           3 2           1           0

SCORE ___ (RB) Right Bank 10 9 8           7           6 5           4           3 2           1           0

Total Score __________
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PERIPHYTON FIELD DATA SHEET

STREAM NAME LOCATION

STATION #_________ RIVERMILE_________ STREAM CLASS

LAT ______________ LONG ______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS LOT NUMBER

FORM COMPLETED BY DATE   _______
TIME _______     AM     PM

REASON FOR SURVEY

HABITAT TYPES Indicate the percentage of each habitat type present
‘ Sand-Silt-Mud-Muck_____% ‘ Gravel-Cobble_____% ‘ Bedrock_____%
‘ Small Woody Debris_____% ‘ Large Woody Debris_____% ‘ Plants, Roots_____%
‘ Riffle_____%  ‘Run_____% ‘ Pool_____%
‘ Canopy_____%  

SAMPLE
COLLECTION

Gear used ‘ suction device ‘ bar clamp sample ‘ scraping ‘ Other _____________________

How were the samples collected? ‘ wading ‘ from bank ‘ from boat

If natural habitat collections, indicate the number of samples taken in each habitat type.
‘ Sand-Silt-Mud-Muck_____% ‘ Gravel-Cobble_____% ‘ Bedrock_____%
‘ Small Woody Debris_____% ‘ Large Woody Debris_____% ‘ Plants, Roots_____%

GENERAL
COMMENTS

QUALITATIVE LISTING  OF AQUATIC BIOTA

Indicate estimated abundance: 0 = Absent/Not Observed, 1 = Rare (<5%), 2 = Common (5% - 30%), 
3= Abundant (30% - 70%), 4 = Dominant (>70%)

Periphyton 0 1 2 3 4 Slimes 0 1 2 3 4

Filamentous Algae 0 1 2 3 4 Macroinvertebrates 0 1 2 3 4

Macrophytes 0 1 2 3 4 Fish 0 1 2 3 4
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 3 A-17

PERIPHYTON SOFT ALGAE LABORATORY BENCH SHEET (FRONT)
page _____ of _____

STREAM NAME LOCATION

STATION # RIVERMILE STREAM CLASS  

LAT LONG RIVER BASIN

STORET # LOT # AGENCY

COLLECTORS INITIALS DATE TAXONOMISTS INITIALS DATE

SUBSAMPLE TARGET FOR SOFT ALGAE ‘ 300 ‘ 400 ‘ 500 ‘ Other ____

TAXA NAME TALLY CODE # OF
CELLS TCR

Taxonomic certainty ratings (TCR) can be determined for each taxa or for the laboratory as a whole.  The TCR scale is 1-5, with: 1 = most
certain and 5 = least certain. If rating is 3-5, give reason.  The number of cells for filamentous algae is an estimate of relative biomass.

Total No. Algal cells   _______________          Total No. Taxa   _______________



A-18  Appendix A-2: Periphyton Field and Laboratory Data Sheets - Form 3

PERIPHYTON SOFT ALGAE LABORATORY BENCH SHEET (BACK)

STREAM IDENTIFICATION CODE DATE COUNTED

COUNTED TRANSECT LENGTH COUNTED TRANSECT WIDTH

SIZE OF COVERGLASS TOTAL SAMPLE VOLUME

VOLUME OF SAMPLE ON COVERGLASS SAMPLE DILUTION FACTOR

PROPORTION OF SAMPLE COUNTED AREA OF SUBSTRATE SAMPLED

TOTAL NUMBER OF CELLS COUNTED TOTAL ASSEMBLAGE CELL DENSITY

TAXONOMY

ID ___________________

Date ___________________

Explain TCR ratings of 3-5:

Other Comments (e.g. condition of algae):

QC: ‘ YES       ‘ NO QC Checker
_________________________

Algal recognition       ‘ pass ‘ fail
Verification complete   ‘ YES ‘ NO

General Comments (use this space to add additional comments):



Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 4 A-19

PERIPHYTON DIATOM LABORATORY BENCH SHEET (FRONT)
page _____ of _____

STREAM NAME LOCATION

STATION # RIVERMILE STREAM CLASS  

LAT LONG RIVER BASIN

STORET # LOT # AGENCY

COLLECTORS INITIALS DATE TAXONOMISTS INITIALS DATE

SUBSAMPLE TARGET FOR DIATOM ‘ 300 ‘ 400 ‘ 600 ‘ Other ____

TAXA NAME TALLY (# of valves) CODE # OF
CELLS TCR

Taxonomic certainty ratings (TCR) can be determined for each taxa or for the laboratory as a whole.  The TCR scale is 1-5, with: 1 = most
certain and 5 = least certain. If rating is 3-5, give reason.  The number of cells for filamentous algae is an estimate of relative biomass.

Total No. Algal cells   _______________          Total No. Taxa   _______________



A-20  Appendix A-2: Periphyton Field and Laboratory Data Sheets - Form 4

PERIPHYTON DIATOM LABORATORY BENCH SHEET (BACK)

TAXONOMY

ID _____________

Date _____________

Explain TCR ratings of 3-5:

Other Comments (e.g. condition of algae):

QC: ‘ YES ‘ NO QC Checker
_________________________

Algal recognition ‘ pass ‘ fail
Verification complete ‘ YES ‘ NO

General Comments (use this space to add additional comments):
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 1 A-25

BENTHIC MACROINVERTEBRATE FIELD DATA SHEET

STREAM NAME LOCATION

STATION #_________ RIVERMILE_________ STREAM CLASS

LAT ______________ LONG ______________ RIVER BASIN

STORET # AGENCY

INVESTIGATORS LOT NUMBER

FORM COMPLETED BY DATE   _______
TIME _______     AM     PM

REASON FOR SURVEY

HABITAT TYPES Indicate the percentage of each habitat type present
‘ Cobble_____% ‘ Snags_____% ‘ Vegetated Banks_____% ‘ Sand_____%
‘ Submerged Macrophytes_____% ‘ Other (                              )_____%

SAMPLE
COLLECTION

Gear used ‘ D-frame ‘ kick-net ‘ Other _________________________

How were the samples collected? ‘ wading ‘ from bank ‘ from boat

Indicate the number of jabs/kicks taken in each habitat type.
‘ Cobble_____ ‘ Snags_____ ‘ Vegetated Banks_____ ‘ Sand_____
‘ Submerged Macrophytes_____ ‘ Other (                              )_____

GENERAL
COMMENTS

QUALITATIVE LISTING  OF AQUATIC BIOTA
Indicate estimated abundance:   0 = Absent/Not Observed,  1 = Rare,  2 = Common,  3= Abundant,  4 =
Dominant

Periphyton 0 1 2 3 4 Slimes 0 1 2 3 4

Filamentous Algae 0 1 2 3 4 Macroinvertebrates 0 1 2 3 4

Macrophytes 0 1 2 3 4 Fish 0 1 2 3 4

FIELD OBSERVATIONS OF MACROBENTHOS
Indicate estimated abundance: 0 = Absent/Not Observed,  1 = Rare (1-3 organisms),  2 = Common (3-9

organisms), 3= Abundant (>10 organisms),  4 = Dominant (>50  organisms)

Porifera 0 1 2 3 4 Anisoptera 0 1 2 3 4 Chironomidae 0 1 2 3 4
Hydrozoa 0 1 2 3 4 Zygoptera 0 1 2 3 4 Ephemeroptera 0 1 2 3 4
Platyhelminthes 0 1 2 3 4 Hemiptera 0 1 2 3 4 Trichoptera 0 1 2 3 4
Turbellaria 0 1 2 3 4 Coleoptera 0 1 2 3 4 Other 0 1 2 3 4
Hirudinea 0 1 2 3 4 Lepidoptera 0 1 2 3 4
Oligochaeta 0 1 2 3 4 Sialidae 0 1 2 3 4
Isopoda 0 1 2 3 4 Corydalidae 0 1 2 3 4
Amphipoda 0 1 2 3 4 Tipulidae 0 1 2 3 4
Decapoda 0 1 2 3 4 Empididae 0 1 2 3 4
Gastropoda 0 1 2 3 4 Simuliidae 0 1 2 3 4
Bivalvia 0 1 2 3 4 Tabinidae 0 1 2 3 4

Culcidae 0 1 2 3 4
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 3 A-29

BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)
page _____ of _____

STREAM NAME LOCATION

STATION #_________ RIVERMILE_________ STREAM CLASS  

LAT ______________ LONG ______________ RIVER BASIN

STORET # AGENCY

COLLECTED BY DATE_________ LOT #

TAXONOMIST DATE_________ SUBSAMPLE TARGET ‘ 100  ‘ 200  ‘ 300  ‘ Other ____ 

Enter Family and/or Genus and Species name on blank line.  

Organisms No. LS TI TCR Organisms No. LS TI TCR

Oligochaeta Megaloptera

Hirudinea Coleoptera

Isopoda

Amphipoda Diptera

Decapoda

Ephemeroptera

Gastropoda

Pelecypoda

Plecoptera

Other

Trichoptera

Hemiptera

Taxonomic certainty rating (TCR) 1-5:1=most certain, 5=least certain. If rating is 3-5, give reason (e.g., missing gills).  LS= life stage: I =
immature; P = pupa; A = adult  TI = Taxonomists initials

Total No. Organisms   _______________ Total No. Taxa   _______________



A-30  Appendix A-3: Benthic Macroinvertebrate Field and Laboratory Data Sheets - Form 3

( )# organisms 
recovered by 
checker

# organisms 
originally sorted

% sorting 
efficiency

# organisms 
originally sorted

+.
. =

BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

SUBSAMPLING/SORTING
INFORMATION

Sorter ___________________

Date ___________________

Number of grids picked: __________

Time expenditure __________ No. of organisms __________

Indicate the presence of large or obviously abundant organisms:

QC: ‘ YES ‘ NO QC Checker
_________________________

$90%, sample passes   __________

<90%, sample fails, action taken   ____________________________________

________________________________________________________________

TAXONOMY

ID ___________________

Date ___________________

Explain TCR ratings of 3-5:

Other Comments (e.g. condition of specimens):

QC: ‘ YES ‘ NO QC Checker
_________________________

Organism recognition ‘ pass ‘ fail
Verification complete ‘ YES ‘ NO



Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 4 A-31

PRELIMINARY ASSESSMENT SCORE SHEET
(PASS)

page _____ of _____
STREAM NAME LOCATION

STATION #_________ RIVERMILE_________ STREAM CLASS  

LAT ______________ LONG ______________ RIVER BASIN

STORET # AGENCY

COLLECTED BY DATE_________ LOT # _______ NUMBER OF SWEEPS __________     

HABITATS:     ‘ COBBLE ‘ SHOREZONE ‘ SNAGS ‘ VEGETATION

Enter Family and/or Genus and Species name on blank line.  

Organisms No. LS TI TCR Organisms No. LS TI TCR

Oligochaeta Megaloptera

Hirudinea Coleoptera

Isopoda

Amphipoda Diptera

Decapoda

Ephemeroptera

Gastropoda

Pelecypoda

Plecoptera

Other

Trichoptera

Taxonomic certainty rating (TCR) 1-5:1=most certain, 5=least
certain. If rating is 3-5, give reason (e.g., missing gills).  LS= life
stage: I = immature; P = pupa; A = adult  TI = Taxonomists initials

Hemiptera

Site Value Target Threshold If 2 or more metrics are $ target threshold, site is 

HEALTHYTotal No. Taxa

EPT Taxa If less than 2 metrics are within target range, site is

SUSPECTED IMPAIREDTolerance Index



 

ATTACHMENT B 
 

MHE Products Push Point Sampler Operator’s Manual 
 



MHE Products      PushPoint Sampler (Patent Pending)  
Operators Manual and Applications Guide 

Ver. 2.00           8/5/01 
 
Models: PP27, PP14, PPX36, PPX72  
 
Introduction 
 
The groundwater/surface water interface (GSI) has been a research interest of mine for the past decade. 
This transitional zone is usually rich in biomass and may play a predominant role in the bioattenuation of 
contaminated groundwater entering surface water bodies. Usually these biologic processes have limited 
effectiveness in attenuating highly contaminated groundwater, leaving a plume of parent contamination and 
metabolic byproducts that eventually expresses itself in receiving waters - usually classified as non-point 
sources of pollution because of the uncertainty of the discharge area. Part of the problem in the detection 
and study of these plumes is that there were no devices on the market for the rapid, discrete collection of 
pore water samples. Reliance on conventional technology and techniques to perform a detailed 
investigation required extensive effort and burdensome equipment. 
 
Through several iterations, I have evolved a simple device for collecting pore water samples from beneath 
surface water bodies or the beach areas surrounding them. Pore-water sampling using the PushPoint 
becomes a simple and efficient process, generating a wealth of information and very little waste. If one 
collects groundwater samples in a transect perpendicular to groundwater flow in the suspected area of 
plume discharge to an open water body, their analysis yields information about the aerial extent of 
contaminant discharge to the water body. At this point, additional sampling can complement the initial data 
and provide the information necessary to map the plume expression in both magnitude and aerial 
distribution. This is becoming increasingly important to regulators as they decide the ecological impacts of 
discharging contaminant plumes. 
 
Sampling at each location usually takes 5 minutes, allowing a small crew to collect dozens of samples in an 
afternoon. These samples can be analyzed in the field for real-time information useful in directing field 
investigations and research. The work that I have conducted at several contamination sites indicates that 
many groundwater plumes discharge in surface water bodies in 2-3' of water depth - accessible to 
investigators wearing hip boots or waders. Many plumes, especially Light Non-Aqueous Phase Liquid 
(LNAPL) plumes can be delineated by collection of samples in very shallow water or from under beaches. 
My initial experience has shown that Dense Non-Aqueous Phase Liquid (DNAPL) contaminant plumes 
express themselves in the shallow, near-shore water as well, even though the on-shore depth of the 
contaminant mass was deep in the aquifer. 
 
 
Directions 
 
 
Look at Figure 1. 
 
As you can see, the PushPoint device is a very simple, precisely machined tool consisting of a tubular body 
fashioned with a screened zone at one end and a sampling port at the other. The bore of the PushPoint body 
is fitted with a guard-rod that gives structural support to the PushPoint and prevents plugging and 
deformation of the screened zone during insertion into sediments. The PushPoint is made of 316 stainless 
steel assuring compatibility with most sampling environments. The screened-zone consists of a series of 
interlaced machined slots which form a short screened-zone with approximately 20% open area. 
 
Operation of the device is not difficult. One simply holds the device in a manner that squeezes the two 
handles towards each other to maintain the guard-rod fully inserted in the PushPoint body during the 
insertion process (as shown in Figure 2). Holding the device in this manner, push the PushPoint into the 



sediments or beach to the desired depth using a gentle twisting motion. When the desired depth is reached 
(or you hit refusal, usually at an aquitard) remove the guard-rod from the PushPoint body without 
disturbing the position of the deployed sampler. Once the guard-rod has been removed from the PushPoint, 
it SHOULD NOT be reinserted into the device until the bore of the PushPoint has been thoroughly cleansed 
of all sand, silt, etc.  
 
Attach a syringe or peristaltic pump to the PushPoint sample-port (see Figure 3) and withdraw water at a 
low-flow sampling rate (50-200 ml/min.). The first 20-50 ml of groundwater will be turbid. This is the 
"development" water and should be discarded. Once non-turbid aliquots have been withdrawn, 
representative samples can be collected for on-site and off-site analysis. 
 
Cleaning and Maintenance 
I cannot stress how important cleanliness and linearity are to the working life of the instrument. The 
PushPoint was designed as an indefinitely reusable device; potentially able to be reused hundreds of times. 
The tolerance between the guard-rod and the bore of the PushPoint is very small. Increases in this tolerance 
through abrasion and damage may allow silty material into this annular space, eventually jamming the 
guard-rod into the bore - maybe permanently!  
 
Excess wear and abrasion can also be introduced if the guard-rod is inserted frequently when the PushPoint 
body is bent. All the small bends should be "undone" prior to reinsertion of guard-rod to avoid scraping the 
sides of the bore causing burrs. Before reinsertion of the guard-rod into the cleaned PushPoint, the device 
should be "straight as an arrow". Use caution when straightening the screened-zone, it is somewhat delicate 
without the guard-rod inside it, and can be broken through repeated bending. Similarly, the guard-rod 
should be bend-free and clean when inserted into the bore of the device. When a clean and straight 
PushPoint is assembled, the guard-rod should slide fairly easily through the PushPoint bore and its handle 
should seat against the sampling port. 
 
Clean the exterior of the guard-rod and PushPoint body and screened-zone with a stiff brush and cleaning 
solution (soapy water).Cleaning and decontamination of the bore of the instrument is easily accomplished 
using the cleaning adapter provided. Remove the spray nozzle of a "garden sprayer" filled with cleaning 
solution. Connect the adapter as shown in Figure 4. Insert the sampling port of the PushPoint to the adapter 
and squirt ~ 100 ml of pressurized cleaning solution backwards through the sampler and out the screened- 
zone into a waste receptacle. Gently push the guard rod into the bore of the PushPoint to its end to dislodge 
any bridged material. Re-rinse the bore with cleaning solution. Follow this with a distilled water and/or 
methanol rinse. Reinsert the guard-rod and the device is ready to be used again. 
 
In some instances it may be advantageous to force the cleaning solution through the screened-zone and out 
the sampling port. To do so, gently insert the screened-zone of the PushPoint into the cleaning adapter, 
making sure not to bend the screened-zone, until the entire screened-zone is within the adapter. The 
screened-zone is somewhat fragile. To avoid damage, do not bend the screen-zone during insertion into the 
adapter. Squirt cleaning solution through the sampler to a waste receptacle. 
 
 
Helpful Hints, Information, and Cautions 
 
• Multiple depths can be sampled in one hole if samples are collected, in order, from deepest to 

shallowest. Insert the sampler using a twisting motion until you reach refusal. Remove the guard-rod. 
Do not push the sampler further into the sediments once the guard-rod has been removed as this 
may damage the screened-zone and plug the device with sediment. Once sampling has been 
completed at this deepest depth, the PushPoint can be partially pulled from the hole to a new sampling 
elevation. Remember, to prevent screened-zone damage, do not to insert the PushPoint into the 
sediments without the guard-rod inserted into the PushPoint body. Alternately, multiple holes can be 
used to collect samples from multiple depths at a particular sampling location. If vertical sampling is 
performed in one hole, it is recommended that some type be device such as a sampling platform be 
used to prevent lateral movement and slippage of the PushPoint as sampling is conducted near the top 



of the hole (see Figure 3). This offsets the leverage of the instrument and reduces hole degeneration. A 
simple platform would be a plate of steel with a 3/16" dia. hole through its center and would serve the 
fundamental purpose of maintaining a rigid hole opening . MHE offers a 8" dia., heavy-duty steel 
sampling platform engineered for the precise sampling depth requirements of field research. If repeated 
shallow sampling is to be conducted, it may be more convenient to use a shorter sampler (i.e. MHE - 
PP14"). 

• If you wish to reuse the PushPoint sampler at a particular sampling location and want to clean the bore 
quickly while you're there so that the guard-rod may be safely reinserted, you can use a syringe filled 
with surface water or DI water to backflush the bore several times before reinserting the guard-rod. 
Use at least 100 ml of water. If you have too much trouble reinserting the guard-rod (i.e. grit), it will be 
necessary to use the standard cleaning procedures. 

• If the screened-zone of the PushPoint becomes plugged while inserted in the sediments due to passage 
through "something", it is frequently possible to hydraulically/pneumatically shock the screened-zone 
free of adhering material while it is inserted into the sediments. Attach a large-volume (50 ml) syringe 
to the sampling port. In a quick motion, pull the syringe plunger most of the way back (creating a 
vacuum) and then immediately release the plunger - the plunger will slam to a neutral position, sending 
a shock wave through the bore of the PushPoint and may alleviate the problem. 

• The PushPoint can be used as a piezometer to determine the static head of the groundwater and hence, 
the potential direction of groundwater movement. To do this, a tube is connected to the sample port as 
shown in Figure 5. A continuous stream of water is established from the syringe (or pump) to the 
screened-zone by pumping out any air remaining in the PushPoint /tubing. When the tube is 
disconnected from syringe, the static water level in the tube will represent the static water level at the 
depth that the screened-zone occupies. In some discharge areas I have found several feet of head 
differential, and when the tubing is removed, the PushPoint flows like a miniature artesian well. 

• It is frequently possible to push the PushPoint through thin lenses of low-permeably material and 
collect samples from below them and gather valuable geochemical samples. At many of the sites where 
the PushPoint has been used, sampling from just below a layer of fine sand/silt/clay, one occasionally 
encounters seemingly large pockets of gas that seem to have coalesced and collected under this less 
permeable stratum. Analysis of these pockets may provide additional insight to predominant biological 
processes. It is likely true that the concentration of volatile chemicals in the groundwater has 
equilibrated with these bubbles which means that their presence in a sampling stream or syringe would 
not significantly affect the concentration of dissolved volatile organic chemicals (VOC's). In fact, if 
one assumes that equilibrium conditions exist, the concentration of  VOC's in the bubbles is directly 
related the concentration in the surrounding groundwater. An different condition may exist if the 
groundwater is supersaturated with bacterial metabolic waste gasses and the negative pressure exerted 
by the pump (or syringe) initiates degassing of dissolved gasses from the groundwater. In this instance, 
VOC's would partition from the groundwater to the bubbles as they are formed in the sampling tubing 
(this is fairly evident if occurring). The consequence of this condition is that part of the dissolved 
contaminant mass has partitioned into the gas phase and unless the gas-phase is captured, quantified 
and accounted for, the native VOC concentration of the groundwater is not reflected by analysis of the 
groundwater alone. If this condition exists, the degassing effect can be minimized by decreasing the 
sampling rate to a rate more easily yielded by the sampled formation. With experience, it is easy to 
distinguish which of these conditions (or combination of conditions) exist and to what extent they 
affect sample quality. 

• The internal volume of a PushPoint PP27 is approx. 1.5 ml. A 50 ml syringe full of distilled water, 
decon water, methanol, etc. will push about 33 volumes through the bore. 

• When straightening the screened zone it is sometimes helpful to flush out the bore of the device with a 
cleaning solution and then insert the guard-rod to the area of the bend in the screened-zone. Gently 
unbend the portion of the screened-zone nearest the rod and carefully advance the rod to the next bend. 
After the rod has been fully inserted into the screened-zone perform the final screened-zone, 
straightening until the guard-rod slides freely through it. 

• If the sampling port of the PushPoint is above the static level of the water body, each time you remove 
the syringe or pump from the PushPoint sampling port, air will fill the bore of the PushPoint, allowing 
the water level in the bore to reach its static head. To avoid this plug of air from entering the 



subsequent syringe, attach a pinch clamp and/or a 3-way valve between the sampling port and the 
syringe or pump inlet as shown in Figure 7.   

• I have conducted dye tests (concentrated uranine dye) by injecting concentrated dye under a perforated 
1.5' diameter disk through which the PushPoint was inserted from depths of 3" - 12" into sediments. 
The goal of these tests was to determine whether or not surface water and dye are drawn into samples 
collected in near surface sediments (i.e. whether a cone of depression is formed). The results indicated 
that no surface water is drawn into samples even though sampling was conducted with a peristaltic 
pump at its maximum rate of 600 ml/min for several minutes.  

• I usually couple my field investigations with global positioning system (GPS) identification of the 
sampling location. If conditions permit, a pin flag can be placed at the sampling location for later 
location by GPS - I usually use sub-meter grade GPS for this surveying. GPS can then used in the 
future to relocate previously sampled location even if certain site physical characteristics have changed 
(eroding shorelines, etc.). If long-term study of a shoreline is planned it will be useful to have an 
elevation benchmark established on shore that can be used as a reference. The elevation of the 
sampling locations can then accurately measured. This may be helpful in areas where sediment levels 
are not stable such as in erosional areas. 

• Sampling by syringe has many advantages. This is my preferred field method due to its simplicity and 
versatility. It is useful to be able to collect several 50 ml syringes full of groundwater, store them on 
ice and perform the sample transfer to VOA vial, etc. under more controlled conditions. To transfer 
sample to a VOA vial, place the end of the transfer tube (Figure 8) to the bottom of the VOA vial. 
Dispense sample into the VOA vial and slowly withdraw the transfer tube from the vial maintaining 
the mouth of the transfer tube just below the sample surface. When the transfer tube is almost out of 
the vial, continue to dispense sample and leave an "anti-meniscus" of sample above the rim of the vial. 
Add several drops of HCl (which will displace a few drops of sample) and cap. If VOC samples are to 
be collected and/or stored temporarily in a syringe, I recommend 100% polyethylene/polypropylene 
("two piece") syringes such as those made by Henke Sass Wolf GMBH (NormJect , 50 ml)) 
configured as shown in Figure 8. From personal experience I have found that small amounts of 
aromatic compounds (BTEX) can leach from the rubber parts of the rubber-tipped plunger found in 
common medical syringes. Rubber-tipped plunger syringes have less side-wall resistance and work 
much smoother than the 100% polyethylene/polypropylene syringes so I use medical syringes for 
"development" of the PushPoint. Standard medical syringes also work well for collecting samples for 
non-VOC analysis. I utilize handheld meters for pH, conductivity, redox, DO, etc. One can dispense 
sample from the syringe into these types of instruments for field measurements. The disposable 
syringes may be cleaned and reused several times, but because they are a friction fit; prolonged reuse 
results in scoring of the barrel which eventually causes air leaks. 

• The 50 ml, 100% polyethylene/polypropylene "two piece" syringes mentioned above can be purchased 
directly from MHE, configured with tubing, clamp, and stopper as was the example syringe included 
with your order, or customized to suit your individual needs. If you would to make your own, the 
syringes that I am currently using are purchased from National Scientific. The tubing is Tygon 1/4"OD 
x 1/8" ID. Be sure to use some type of clamp at the tubing mouth to ensure a good seal at the sampler 
port. The entire syringe assemblies are now available from MHE at a reasonable cost. 

• Headspace GC analysis of VOC's can be easily accomplished using 100% polyethylene/polypropylene 
syringes. Dispense all but 25 ml of the sampled groundwater from the syringe. Refill the syringe to the 
50 ml mark with ambient air and then stopper the tubing (and heat the syringe in a water bath if 
desired) as shown in Figure 9. Shake the syringe assembly to equilibrate the VOC's in the sample with 
the contained atmosphere. Insert a GC syringe needle through the transfer tube into the sample syringe 
headspace and withdraw a sample for GC analysis.  

• Occasionally a small amount sand and silt is withdrawn into the syringe or pump sampling stream, 
even after proper "development" of the PushPoint. This may be due to the nature of the geologic 
formation. This fine material is probably already at equilibrium with the surrounding groundwater and 
tests have shown that its presence  should not influence analysis of VOC's in the groundwater sample. 
The sample can be transferred to its shipping container without this silt if the syringe is dispensed in 
such a manner as to let the solid material settle out in the syringe and not carry over to the shipping 
vial. 



• The PushPoint has been used very successfully for underwater investigations using SCUBA equipment 
and a series of 100% polyethylene syringes. Once again, GPS equipment was used for location of the 
position that the divers collected groundwater samples of contaminant plume expression in the lake. 
Underwater notes (temperature, depth, observations, etc.) can be written directly on the sample 
syringes if they are pre-prepared with a strip of Scotch Magic Transparent Tape applied down the 
syringe body and writing is done with a soft pencil.  

• The PushPoint may be used to inject nutrients or dyes into the sediments for field trials of biologic or 
geochemical testing or tracing groundwater paths. Simply insert the PushPoint to the desired depth, 
and after the guard-rod has been removed, connect a syringe or pump and slowly inject the desired 
fluid into the sediments, perhaps followed by a small amount of native groundwater to flush the 
instrument. 

• The PushPoint is constructed of 316 stainless steel as mentioned previously. There are two places 
where the stainless parts are silver soldered together, the handle of the guard-rod and the handle on the 
PushPoint sampler. If the investigator is collecting samples for metals analysis, the silver solder joint 
on the guard-rod may impart trace levels metallic residue to the sampling port mouth. This has never 
caused a problem but the possibility exists. The silver solder that I use is Safety-Silv 45 which contains 
silver (45%), copper (30%),and zinc (25%). MSDS available upon request.  In the unlikely event that 
these metals cause contamination of samples, MHE can produce specialty guard-rods that are not silver 
soldered. What can I say, these devices were originally built to sample for VOC's. 

• These devices can be dedicated as semi-permanent underwater monitoring  devices. If a PushPoint is 
inserted to the desired depth through a plate (such as the sampling platform mentioned earlier) that can 
lock the sampler at the correct insertion depth, a vinyl cap can be placed over the mouth of the 
sampler, and the sampler can be dedicated to that location so that future samples can be withdrawn 
when desired. 

• It has been useful to carry several samplers in "quivers" made of 2" PVC tubing….one tube for (10-15) 
clean/assembled samplers and one tube for used samplers and their separated guard-rods. This 
arrangement protects both the investigators and the instruments. 

• I have been using a Myron 6P Ultrameter available from www.ColeParmer.com for most of my work. 
This instrument measures pH, specific conductance, ORP, temperature, and TDS using only a few 
milliliters of sample and is perfectly suited to samples dispensed by syringe. The instrument is 
waterproof to 3 m. There will soon be a link on the MHEproducts.com web page. 

• I have been using the Chemetrics Vacu-Vial technique (www.Chemtrics.com) in conjunction with 
PushPoint sampling. I use this for dissolved oxygen and dissolved iron measurements. Many other 
analytical tests are also available such as nitrate, phenols, etc.. This analytical technique also works 
very well with samples collected in syringes. The sample is dispensed into a plastic cone until it 
overflows. The tip of an evacuated ampoule containing the necessary reagents is broken off at the 
bottom of the cone allowing the vacuum in the ampoule to pull in a aliquot of sample that has not 
contacted the atmosphere. The ampoule is shaken and is then is then placed as a cuvette into a 
handheld spectrophotometer. The results are nearly instantaneous and are displayed in ppm. There will 
soon be a link on the MHEproducts.com web page. 

 
I hope that users will find many useful and innovative uses for this device. If you have other helpful 
information, uses, and advice concerning these samplers, please write or e-mail suggestions to me for 
inclusion in future manual revisions. I have finally started a web site: www.MHEproducts.com and have 
posted pictures, new products, and the latest version of this manual. 
 
Thanks. MHE 
MHE Products 
3371 Sherman Rd. 
East Tawas, MI 48730 
USA 
Phn: 989 362 5179 

517 393 0948 
 

e-mail: sales@MHEProducts.com 



 

APPENDIX F 
 

MABEY BRIDGE REMOVAL AND DISASSEMBLY INSTRUCTIONS 
 

(PROVIDED BY THE FOREST SERVICE) 
 



Project: WA NPS ERFO 2007(1)-40(3), West Twin Creek Bridge 
 

 
Special Contract Requirements 
Project: WA NPS ERFO 2007(1)-40(3), West Twin Creek Bridge 

Section 203. — REMOVAL OF STRUCTURES  
AND OBSTRUCTIONS 

 
Description 

203.01 Removal of Temporary Bridge.  Add sentence to section. 

This work consists of removing, transporting and stockpiling a government-owned 
temporary steel bridge crossing West Twin Creek. 

Construction Requirements 

203.04A Removal of Temporary Bridge.  (Added Subsection.) 

The existing structure consists of a single-span 118 foot (8 bay) single-single (SSHRH) 
MABEY panel bridge. 

Remove, inventory and transport to the Government stockpile site at: 

Bonneville Power Administration (BPA) 
Ross Complex 
1005 NE 61st Street 
Vancouver, WA 98665 

Launching components are available for use to dismantle the bridge. These components 
are presently located at the above storage facility. Coordinate pickup and delivery of 
bridge components and launching components with the CO. The CO will make 
arrangements for access and attendance at the storage site by a Government 
representative. 

Technical information regarding the dismantling of the MABEY bridge can be obtained 
from: 

Michael Downs 
MABEY Bridge, Inc. 
12412 Gold Flake Court  
Rancho Cordova, CA 95742 
(916) 605-0322    or    (916) 996-6223 

The contact for information regarding government-owned bridge components and 
material is: 

Jeff Berg 
Federal Highway Administration 
610 East 5th Street 
Vancouver, WA 98661 
(360) 619-7719 



Project: WA NPS ERFO 2007(1)-40(3), West Twin Creek Bridge 
 

 
Special Contract Requirements 
Project: WA NPS ERFO 2007(1)-40(3), West Twin Creek Bridge 

(360) 921-3870 (cell) 

 (a) Inventory and Removal of Material. 

(1) Removal Plan.  The Contractor is responsible for any damage or loss of 
the structure or its components, including any additional Government materials 
furnished the Contractor for this work. 

Submit to the CO a detailed plan for removal of the MABEY bridge according 
to Subsection 104.03. Include staging, equipment, and method of removal. 

(2) Inventory of Material.  Before disassembling the structure, inventory all 
parts in the existing structure to determine if any parts are damaged or missing. 
Identify any damaged or missing parts. Resolve any differences between the 
Contractor's inventory and the inventory listed in Table 203-1 before 
disassembly of the existing bridge. 

The Government is responsible for the damaged or missing parts identified by 
the parts inventory. Following verification of damaged or missing parts, the 
Contractor assumes all liability for damage or loss of parts until acceptance by 
the CO at the designated location. 

Table 575-1 
Existing MABEY Bridge Inventory 

ITEM MARK DESCRIPTION QTY ITEM MARK DESCRIPTION QTY

MU 121 Panel - super 4 MU 64 Panel Pin 14 
MU 124 Panel - Super Heavy 4 MU 64A Clip – Panel Pin 28 
MU 467 Transom – 4.2-1050 9 MU 570 Bolt – Short Bracing 128

MU 436 Vertical Brace 16 MU 571 Bolt – Transom 78 

MU 431 Swaybrace – EW 16 MU 577 Nut – M24 206
MU 112 Raker - 406 14 NLU 19053 Sliding Pad (Nylon) 4 
MU 85 Transom Seat – FE 2 MU 65 Screw – Deck Clamp 144
MU 76 Bolt Spacer – FE Assy 2 MU 66 Nut – Deck Clamp M20 144
MU 520 Deck – 1050 32 MU 71 Truss Bearing 2 
MU 173 Kerb 16 MU 72 Bearing Block 4 
MU 531 Deck Infill – 4.2m 2 MU 78 Sliding Bearing 2 

 Timber Cribbing 
(8”x8”x6’) 52 MU 87 Fixed Bearing Plate 2 

 Concrete Block 
(2.5’x3’x 5’) 8  Approx Weight 100,000 lbs
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Project: WA NPS ERFO 2007(1)-40(3), West Twin Creek Bridge 

(3) Removal of Material.  Remove and dismantle the bridge components 
according to 203.04A(a). 

Material which may be required to make a launching nose include panels, 
bracing, launching links and extensions, rollers, and various bolts, nuts and pins. 
Additional transoms will also be required. These are not available from the 
Government stockpile but may be rented from Mabey. 

Submit written notice of intent to use government owned material at least 15 
days before acquiring the material. Confirm the pickup date a minimum of 3 
working days in advance of the actual date when material will be acquired. 

If parts are used from the government stockpile to make a launching nose, return 
them to the Government storage site together with the rest of the detour bridge 
material. 

(b) Transport and Long-term Storage.  Notify the CO at least 3 working days 
before delivery of the material to the designated storage site. Material will be stored 
at specific locations at the storage site as determined by a Government representative. 

Following delaunching and disassembly of the MABEY superstructure and launching 
nose (if used), prepare the components for transportation and storage as follows: 

(1) MU 121 & 124 Panels: Band in groups of 4. Remove bolts, pins, and 
transom seats from panels. Alternate each panel male and female ends. Store 
panels so that all bearing seats face the same direction. Band panels so that each 
group is stable and panels cannot shift within the group. 

(2) MU 467 Transoms: Store with both flanges flat and the web vertical 
adjacent to each other. Place dunnage between each layer to facilitate forklifting. 

(4) MU 436 Vertical Braces, MU 431 Swaybraces, and MU 112 Rakers: 
Stack in groups of 20 and band. Bundle only like members together. Band so 
that the load on each pallet is stable and cannot shift during transport. 

(5) MU 520 Deck Panels: Stack and band in groups of 6. 

(6) Bearings & Base Plates: Store in wooden crates or load on pallets so that 
load is flat and can be banded. Bundle bearings so that they cannot shift or 
loosen during transport. 

(7) MU 64 Panel Pins (may have one safety clip left on pin): Store in wooden 
crates or steel barrels with tight fitting waterproof lids. Label each crate or barrel 
on the lid and side with its contents and quantity, using waterproof markers. 

(8) MU 64A Clips: Store in plastic buckets with a tight fitting lid and a strong 
handle. Label each bucket on the lid and side with its contents and quantities, 
using waterproof markers. 
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(9) Rollers and Launching Links: Stack on pallets or in wooden crates. Rollers 
stacked on pallets shall be banded tightly to avoid shifting or loosening. 

(10) Sort and store the bolts and nuts as they are removed from the bridge. 
Clean the bolts before storing them in plastic buckets with tight fitting lids and 
strong handles. Mate bolts and nuts before storage. Do not exceed 50 pounds per 
bucket when loaded and sealed. Label each bucket on the lid and side with its 
contents and quantities, using waterproof markers. 
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