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1.0 INTRODUCTION 

This report of findings has been prepared by Geosyntec Consultants, Inc. (Geosyntec) on behalf of 
Ahtna Engineering Services, LLC (Ahtna) to present the results from the geotechnical and 
hydrological investigation at the inactive rock pit near Pat Creek near Wrangell, Alaska (site) and 
the results of infiltration modeling through an engineered cap. The inactive rock pit is managed by 
the Alaska Department of Natural Resources (ADNR) and has been identified by the Alaska 
Department of Environmental Conservation (ADEC) as a candidate for construction of a monofill 
to encapsulate treated lead impacted soil currently stockpiled at the Wrangell Junkyard in Wrangell, 
Alaska.  The work was conducted under term contract No. 18-8036-13, NTP No. 170007506.  The 
purpose of the investigation was to characterize the subsurface conditions at the site and to gather 
site-specific geotechnical and hydrological information, including rock characteristics, groundwater 
depth, and groundwater quality.  This information was used, along with climatological data for the 
site and conceptual engineered cap designs, to model groundwater infiltration and evaluate the 
suitability of the site as a treated soil repository. A summary of the investigation, analyses, and 
laboratory test results are discussed herein. 
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2.0 FIELD INVESTIGATION 

 Work Plan 

In preparation for the hydrological and geotechnical investigation at the proposed disposal site, 
Ahtna prepared a Work Plan for gathering site-specific geotechnical and hydrological information. 
The Work Plan was prepared by Ahtna (Ahtna, 2016) and reviewed by the ADEC for compliance 
with local procedures and regulations. The Work Plan outlined pre-field and field activities, such 
as the drilling of geotechnical borings, installation of groundwater monitor wells, development of 
the wells for groundwater sampling, groundwater sampling, and restoration of the exploration 
locations.  

 Pre-Field Activities 

As part of the Work Plan, Ahtna prepared a site-specific health and safety plan (HASP), 
coordinated site access with the ADNR, and contacted Alaska Digline to identify existing 
underground utilities within the vicinity of the proposed exploration locations. Discovery Drilling 
and Andrew DuComb, EIT of Ahtna mobilized to the site from Anchorage, Alaska for the 
hydrological and geotechnical investigation.  

 Subsurface Investigation 

Three exploratory borings were advanced at the site from 29 November to 3 December 2016 and 
were designated Borings P-01, MW-02, and MW-03. The purpose of drilling was to characterize 
subsurface conditions, determine groundwater impacts (if any) from metals for background 
information, and determine depth to groundwater. The borings were advanced to depths ranging 
from approximately 6 feet below ground surface (ft bgs) to 34 ft bgs. Borings MW-02 and MW-
03 were terminated at the top of bedrock (approximately 10 ft bgs and 6 ft bgs, respectively) due 
to an oily sheen observed in the encountered groundwater. The approximate locations of the 
exploratory borings are presented on Figure 1. 

The borings were advanced by Discovery Drilling of Anchorage, Alaska utilizing a light-weight 
rubber track mounted Geoprobe 6712 DT drill rig under the supervision of Ahtna personnel. 
Borings were drilled using a combination of 8-inch diameter hollow-stem auger (HSA) and 2 3/8-
inch diameter core drilling (HX) methods. HSA drilling was performed through the entire 
overburden material profile and into underlying bedrock, to the extent practical. Core drilling was 
not performed at Borings MW-02 and MW-03 due to presence of an oily sheen. 

At Boring P-01, boring drilling methodology was switched to core drilling methods after auger 
refusal. The core drilling process required circulation of water to regulate the temperature of the 
core bit, to carry cuttings to the surface, and promote borehole stability. During the coring process, 
water was pumped through the drill rods and past the bit before returning to the surface with 
cuttings through the annular space between the drill rods and the wall of the boring. At the surface, 
the fluid and cuttings were discharged into a baffled sump to allow the cuttings to fall out prior to 
recirculating the water back down the borehole.  
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The borings were logged by Athna personnel in accordance with ASTM International (ASTM) 
D2488 based on the recovered cuttings and rock core. The individual boring logs from this 
subsurface investigation are presented in Attachment A.  Additionally, recovered cores were 
logged to record structural orientation and discontinuities. Upon completion of logging, the cores 
were photographed and retained in core boxes for subsequent sample selection and/or archiving.  

The subsurface conditions consisted of crushed rock overburden overlying fractured schist and 
hornfels (USGS, 2017). Within the exploratory borings, overburden material ranged from 
approximately 1 to 10 ft thick. Rock cores collected from Boring P-01 indicate zones of variable 
fracture intensity as shown on the boring logs (Attachment A).  

 Observed Groundwater Impacts 

Ahtna personnel observed the presence of oil in the drilling fluids and water extracted from 
boreholes P-01, MW-02 and MW-03. Oil impacts were not observed in P-01 until after the 
development of the well, but oil impacts were observed in MW-02 and MW-03 during the 
beginning of rock coring and drilling was subsequently stopped. The source of the contamination 
was unknown and Bruce Wanstall of the Alaska Department of Environmental Conservation 
(ADEC) and the ADEC Spill Prevention and Response department were contacted and informed 
of the situation. Sorbent booms and pads were deployed to absorb observed oil as it flowed out of 
the borehole. These boreholes were terminated at the overburden/bedrock interface and completed 
as monitor wells to allow for potential future sampling and groundwater elevation measurements.  

 Well Installation and Groundwater Sampling 

2.5.1 Well Installation 

The three boreholes were completed as monitoring wells after they were advanced to their final 
depths.  The wells were constructed using either 1 or 2-inch machine-slotted schedule 40 polyvinyl 
chloride (PVC) pipe with 0.010” slotted screen. MW-02 and MW-03 were screened in the crushed 
rock layer from 5 to 10 ft bgs and 2 to 5 ft bgs, respectively.  P-01 was screened in the fractured 
bedrock from 20 to 30 ft bgs. The annular space around the pipes was backfilled with No. 20-40 
silica sand filter pack in accordance with the Work Plan (Ahtna, 2016). Bentonite grout was placed 
from the top of the filter pack to the ground surface. A security casing was installed and extends 
above the ground surface to identify the well location and prevent damage to the casing. Well 
construction logs are provided in Attachment B. 

2.5.2 Groundwater Sampling 

The workplan indicated the three proposed borehole locations would be drilled to 35 ft bgs, 
completed as groundwater monitor wells, and sampled for metals. However, oil was observed in 
the drilling fluid and extracted water at the beginning of rock coring for MW-02 and MW-03.  
These boreholes were terminated at the top of bedrock (due to the presence of an oily sheen) to 
avoid creating a conduit to deeper groundwater and potentially increasing the extent of potential 
oil impacts. Background samples for metals were collected from P-01 but not from MW-02 and 
MW-03 because the groundwater appeared to be already impacted with oil.  MW-02 and MW-03 
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were completed as monitor wells to allow for future groundwater elevation measurements and to 
allow for future groundwater sampling if desired.  

Development of monitor well P-01 began approximately 24 hours after completion of the well in 
accordance with the Work Plan (Ahtna, 2016). The groundwater elevation was measured to the 
nearest 0.01 feet using a water level meter prior to purging. Approximately five volumes of water 
were pumped from the well during purging. After allowing for recharge, the well was surged for 
10 minutes and the purging process was repeated a second time. After purging and surging was 
completed, the groundwater was sampled. The purged water, at the direction of Bruce Wanstall of 
the ADEC, was disposed of in a dry portion of the site away from the three monitor wells. One 
primary water sample, designated 16-WMF-PO1-01, and one duplicate water sample, designated 
16-WMF-P10-02, were collected from P-01 for laboratory analysis. SGS North America Inc. of 
Anchorage, Alaska was contracted to analyze the groundwater samples for the full suite of metals 
in accordance with EPA Method SW6020A for background information.  While the full suite of 
metals was sampled for background purposed, the evaluation discussed in Section 3 is focused 
only on lead. 

Laboratory results for the groundwater samples are presented in Attachment C. The results of the 
laboratory analysis of metals from P-01 provide baseline concentrations of groundwater at the site.  

 Site Specific Hydrogeology 

Groundwater was encountered at approximately 2.5 to 3.2 ft bgs in monitor wells P-01, MW-02, 
and MW-03. Groundwater elevations are consistent in all wells.  MW-02 and MW-03 are in the 
crushed rock overburden and P-01  is in deeper fractured bedrock.  Therefore, the overburden and 
bedrock appear hydraulically connected, however a pumping test is required to confirm this. Based 
on these three monitoring points, groundwater flows northeast toward Pat Creek Road with a 
gradient of 0.0077 ft/ft, or 0.77% (Figure 1).  

Groundwater elevations and flow directions are based on a single reading performed as part of the 
site investigation and does not account for seasonal effects on groundwater depth and flow. 

2.6.1 Separation from Groundwater Requirements 

In accordance with AAC 60.217, a new unlined landfill must have at least 10 feet of separation 
between the highest measured level of an aquifer of resource value and the bottom of waste unless 
the landfill is constructed two feet or more above the natural ground surface.  

 Site Restoration 

Following the completion of drilling activities, Discovery Drilling demobilized from the site and 
excess cuttings and soil were spread onsite. The rock cores sampled during drilling were packaged 
and brought back to Ahtna for archiving and review. Following completion of the surface seal, the 
borehole elevations were surveyed using an optical transit level by Ahtna personnel. Ahtna 
personnel demobilized from the site on 3 December 2016 after completion of well development 
and groundwater sampling.  



Proposed Wrangell Monofill Alaska Department of 
Report of Findings Environmental Conservation 

Ahtna Engineering Services, LLC 6 January 2017 

 

(This Page Intentionally Left Blank) 

  



Proposed Wrangell Monofill Alaska Department of 
Report of Findings Environmental Conservation 

Ahtna Engineering Services, LLC 7 January 2017 

3.0 LEACHABILITY EVALUATION 

 Purpose 

In accordance with AAC 60.025, the disposal of polluted soil will be approved by the ADEC on a 
case-by-case basis if the owner or operator can demonstrate the following: 

1. The waste in the landfill cannot be washed into nearby surface water, and leachate from 
the landfill cannot reach nearby surface water; 

2. The polluted soil, if it is disposed in the landfill, will not cause a threat to public health, 
safety, or welfare, or to the environment; 

3. A practical potential does not exist for migration of a hazardous constituent from the 
landfill to an aquifer during the active life and post-closure care of the landfill; and 

4. The owner of the landfill agrees to implement institutional controls that the department 
(ADEC) determines are necessary for long-term protection of public health, safety, and 
welfare, and to the environment. 

The purpose of this evaluation is to demonstrate that a monofill of treated soil with an engineered 
cap constructed at the site meets these criteria. This evaluation assumes that: 

• water introduced into the waste mass will be generated over a 30-year period from 
stormwater that infiltrates through the cap;   

• the placement of the waste in the monofill will occur over a relatively short duration (i.e. 
approximately one month); 

• stormwater controls will be in place during construction to minimize stormwater 
infiltration into the waste and erosion of the waste; and  

• capping will occur immediately after waste placement is completed.   

This evaluation also considers the leaching potential of lead from the treated soil, discussed in 
detail in Section 3.4.  The evaluation does not include the leaching potential of metals other than 
lead. 

 Monofill Construction 

The active life of the monofill is assumed to consist of transportation and placement of the 
impacted soil in the proposed monofill over a relatively short duration.  Conceptually, we estimate 
transportation and placement of impacted soil will be on the order of one month, assuming the 
following: 

• Newly transported soil will be covered during transport and at the end of each work day (tarps 
or clean soil, depending on availability) to minimize migration of waste by wind, erosion, or 
animal intrusion.  The temporary cover will also minimize surface water migration into the 
waste material during transportation and after placement into the monofill.   

• Once the material has been placed to final grades, an engineered cap will be installed to 
minimize migration of water through the cap. 



Proposed Wrangell Monofill Alaska Department of 
Report of Findings Environmental Conservation 

Ahtna Engineering Services, LLC 8 January 2017 

Based on these assumptions, the modeling assumes a closed condition for the monofill with an 
engineered cap.  The cap will be constructed of geosynthetic materials and provide sufficient 
stormwater drainage, cover drainage to minimize migration of water into the treated soil monofill.  
Detailed design of the monofill is not included as part of the report. 

 Hydrological Evaluation of Landfill Performance Modeling 

The performance of the proposed cap was modeled using the Hydraulic Evaluation of Landfill 
Performance (HELP) model developed by the United States Army Corps of Engineers (USACE) 
and the United States Environmental Protection Agency (USEPA 1997). Inputs used to develop 
the HELP model for this site were selected based on site-specific geotechnical and hydrological 
information gathered during the investigation, treated soil characteristics (NRC Alaska and 
Nortech, 2016), and conceptual cap and monofill designs. The modeling was performed to estimate 
the amount of infiltration expected through the proposed cap, through the treated soil, and into the 
groundwater to evaluate the potential to leach lead from the treated soil. A detailed calculation 
package for the HELP modeling, including outputs from the model, is presented in Attachment D.  

3.3.1 Procedure 

The HELP model evaluates infiltration using the following equation: 

 I = P – (R + ET) 

Where: 

I = Infiltration through the top layer of the landfill (i.e., cap) 

P = Precipitation (i.e., rainfall) 

R = surface runoff which includes interception by the ground cover and actual runoff 

ET = evapotranspiration 

The HELP model simulates daily liquid movement into, through, and out of a landfill.  
Precipitation infiltrating into a layer is either stored in the layer, removed by evapotranspiration, 
removed by lateral drainage (for layers specified as lateral drainage layers), or conveyed into lower 
layers.  Factors affecting liquid movement include the initial moisture content of each layer, the 
storage available in each layer, the additional moisture that reaches the particular layer from the 
layer above it, and the hydraulic conductivity of the layer. The HELP program uses location-
specific weather data to determine the amount of precipitation and evaporation expected to 
calculate the amount of infiltration through the cover system. The conceptual engineered cap is 
expected to be comprised of the following, from top to bottom: 

• 2 feet vegetative cover soil; 
• Geocomposite (nonwoven geotextile heat bonded to both sides of a geonet); 
• 60-mil high-density polyethylene (HDPE) geomembrane, textured on both sides; and 
• Geosynthetic clay liner (GCL) (optional). 
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The conceptual monofill geometry assumes the top deck of the treated soil will be constructed to 
a maximum height of approximately 40 feet above the existing ground surface at a 3 percent grade 
with 3:1(H:V) side slopes at an average height of 20 feet above the existing ground surface.  The 
model assumes the treated soil is underlain by the crushed rock overburden without a base liner 
system.  

3.3.2 Results 

The HELP program analysis estimates average annual and peak daily values for precipitation, 
runoff, evapotranspiration, lateral drainage, percolation/leakage, and change in water storage on a 
per-acre basis.  Two different conceptual cap systems were analyzed using the HELP model; 1) a 
single liner system consisting of (from top to bottom) vegetative cover soil, a geocomposite 
drainage layer, and a geomembrane barrier layer; and 2) a composite liner system consisting of 
(from top to bottom) vegetative cover soil, a geocomposite drainage layer, a geomembrane barrier, 
and a GCL. Each cap system was evaluated for both the conceptual top deck (i.e. 3% grade) and 
side slope (i.e. 3H:1V grade) configurations.  

Using site-specific geotechnical and hydrological data, the HELP model estimates the volume of 
water expected to percolate through the cap and treated soil into groundwater. The volume of water 
expected to infiltrate into the groundwater for the four conditions evaluated are presented in the 
following table: 

Table 1: HELP Modeling Results 

Case Analyzed Average Annual Infiltration 
into Bedrock (gallons/year/acre) 

Top Deck - No GCL 280.0 

Top Deck - GCL 0.6 

Side Slope - No GCL 22.9 

Top Deck - GCL 0.0 

 

 Soil Treatment 

Waste generated at the Wrangell Junkyard was determined to have elevated concentrations of lead 
in surface soils on-site and in areas downgradient of the Wrangell Junkyard. In order to reduce the 
risk posed to human health and the environment, remedial action was performed in early 2016. 
Approximately 18,350 cubic yards of soil impacted with lead was excavated and treated with 
ECOBOND®. ECOBOND® reduces the solubility and leaching potential of the lead and retains 
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the lead within the soil matrix. TCLP and SPLP testing performed on the treated soil confirmed 
lead is not leaching from the treated soil and the soil is not classified as a hazardous waste (NRC 
Alaska and Nortech, 2016).  The leaching potential for metals other than lead were not evaluated.  
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4.0 CONCLUSIONS AND RECOMMENDATIONS  

During the geotechnical and hydrological investigation at the site, Ahtna advanced three 
exploratory borings from 29 November to 3 December 2016. The purpose of the investigation was 
to characterize the subsurface, collect background concentrations of metals from the groundwater, 
and determine the depth to groundwater. The borings were advanced to depths ranging from 
approximately 6 ft bgs to 34 ft bgs. The explorations indicate the subsurface of the site is comprised 
of crushed rock overburden underlain by fractured bedrock. The overburden was encountered from 
approximately 1 to 10 ft bgs, and groundwater was observed within the overburden and fractured 
rock. Initial groundwater measurements indicate groundwater depths of approximately 2.5 to 3.2 
ft bgs in monitoring wells P-01, MW-02, and MW-03. Due to the screening intervals occurring 
within both overburden and fractured bedrock and consistent groundwater elevations between the 
three monitor wells, the groundwater observed in P-01 appears to be hydraulically connected to 
the groundwater observed in MW-02 and MW-03 and not perched on top of bedrock however a 
pumping test is required to confirm. The groundwater flows northeast toward Pat Creek Road with 
a gradient of 0.0077 ft/ft, or 0.77%. 

In accordance with AAC 60.217, a new unlined landfill must have at least 10 feet of separation 
between the highest measured level of an aquifer of resource value and the bottom of waste unless 
the landfill is constructed two feet or more above the natural ground surface. Due to the shallow 
depth of groundwater, the construction of a foundation layer between the unlined surface and 
treated soil would be required to adequately separate the treated soil from the groundwater. The 
groundwater measurements taken and reported herein do not consider seasonal effects and may 
not represent the highest groundwater elevation. In the event this site is selected as a disposal site 
for the monofill, future groundwater measurements should be taken to determine seasonal 
groundwater elevations. 

Treatment of the soil with ECOBOND® and encapsulation will minimize the potential for exposure 
to the environment. Treatment with ECOBOND® reduces the solubility of lead and retains the lead 
within the soil matrix. TCLP and SPLP confirmation laboratory testing on the treated soil 
confirmed lead does not leach from the treated soil and that the treated material is not hazardous 
(NRC Alaska and Nortech, 2016).  

Modeling of infiltration volumes through the landfill cap indicates that the amount of leachate 
expected to percolate through the treated soil to groundwater is dependent on the cap design. The 
use of a single liner cap consisting of (from top to bottom) vegetative cover soil, a geocomposite 
drainage layer, and a geomembrane barrier could result in infiltration of up to 280 gallons per acre 
per year.  A composite liner system consisting of (from top to bottom) vegetative cover soil, a 
geocomposite drainage layer, a geomembrane barrier, and a GCL is expected to infiltrate less than 
1 gallon per acre per year. Leachate generated from infiltration through the cap is not expected to 
contain lead from the treated soil because of the ECOBOND treatment. Therefore, the leachate 
generated from the treated soil repository is not anticipated to be a public health concern for lead.  
This analysis did not evaluate other metals that could be present in the impacted soil. 

The results and design discussed herein are conceptual.  Long term performance of the monofill 
will be dependent on detailed design for specific materials to achieve the goals of the project in a 
cost effective, low maintenance manner. Final design will include slope stability evaluations, 
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surface water management design, cap drainage layer design, settlement analysis, geosynthetic 
barrier layer material selection, grading and other relevant analyses and recommendations. 
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Case Narrative

SGS Client: Ahtna Engineering Svs

SGS Project: 1167058

Project Name/Site: Wrangell Monofill Pat Creek

Project Contact: Emily Freitas

Refer to sample receipt form for information on sample condition.

1167252005(1368718MS) (1368719) MS

6020A - Metals MS recoveries for multiple analytes do not meet QC criteria. The post digestion spike was successful.

1167252005(1368718MSD) (1368720) MSD

6020A - Metals MSD recoveries for multiple analytes do not meet QC criteria. The post digestion spike was successful.

*QC comments may be associated with the field samples found in this report.  When applicable, comments will be applied to 

associated field samples. 
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Laboratory Qualifiers

Enclosed are the analytical results associated with the above work order. All results are intended to be used in their 

entirety and SGS is not responsible for use of less than the complete report. This document is issued by the Company 

under its General Conditions of Service accessible at <http://www.sgs.com/en/Terms-and-Conditions.aspx>.  

Attention is drawn to the limitation of liability, indenmification and jurisdiction issues defined therein. 

Any holder of this document is advised that information contained hereon reflects the Company's findings at the time of 

its intervention only and within the limits of Client's instructions, if any. The Company's sole responsibility is to its Client 

and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the 

transaction documents. Any unauthorized alteration, forgery or falsification of the context or appearance of this 

document is unlawful and offenders may be prosecuted to the fullest extent of the law.

SGS maintains a formal Quality Assurance/Quality Control (QA/QC) program. A copy of our Quality Assurance Plan 

(QAP), which outlines this program, is available at your request.  The laboratory certification numbers are AK00971 

(DW Chemistry & Microbiology) & UST-005 (CS) for ADEC and 2944.01 for DOD ELAP/ISO17025 (RCRA methods: 

1020B, 1311, 3010A, 3050B, 3520C, 3550C, 5030B, 5035A, 6020A, 7470A, 7471B, 8015C, 8021B, 8082A, 8260C, 

8270D, 8270D-SIM, 9040C, 9045D, 9056A, 9060A, AK101 and AK102/103).  Except as specifically noted, all 

statements and data in this report are in conformance to the provisions set forth by the SGS QAP and, when applicable, 

other regulatory authorities.  

The following descriptors or qualifiers may be found in your report:

* The analyte has exceeded allowable regulatory or control limits.

! Surrogate out of control limits.

B Indicates the analyte is found in a blank associated with the sample.

CCV/CVA/CVB Continuing Calibration Verification

CCCV/CVC/CVCA/CVCB Closing Continuing Calibration Verification

CL Control Limit

DF Dilution Factor

DL Detection Limit (i.e., maximum method detection limit)

E The analyte result is above the calibrated range.

GT Greater Than

IB Instrument Blank

ICV Initial Calibration Verification

J The quantitation is an estimation.

LCS(D) Laboratory Control Spike (Duplicate)

LLQC/LLIQC Low Level Quantitation Check

LOD Limit of Detection (i.e., 1/2 of the LOQ)

LOQ Limit of Quantitation (i.e., reporting or practical quantitation limit)

LT Less Than

MB Method Blank

MS(D) Matrix Spike (Duplicate)

ND Indicates the analyte is not detected.

RPD Relative Percent Difference

U Indicates the analyte was analyzed for but not detected.

Note: Sample summaries which include a result for "Total Solids" have already been adjusted for moisture content.

All DRO/RRO analyses are integrated per SOP.

Print Date:  12/28/2016  8:39:03AM

Member of SGS Group

SGS North America Inc. 200 West Potter Drive, Anchorage, AK 99518

t 907.562.2343 f 907.561.5301  www.us.sgs.com
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Sample Summary

Client Sample ID Lab Sample ID Collected Received Matrix

16-WMF-P01-01 1167058001 12/03/2016 12/05/2016 Water (Surface, Eff., Ground)

16-WMF-P10-02 1167058002 12/03/2016 12/05/2016 Water (Surface, Eff., Ground)

Method DescriptionMethod

Metals by ICP-MSSW6020A

Print Date:  12/28/2016  8:39:04AM

Member of SGS Group
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4 of 14



Detectable Results Summary

Client Sample ID:  16-WMF-P01-01

Lab Sample ID: 1167058001 UnitsParameter Result

Aluminum ug/L6210Metals by ICP/MS

Barium ug/L49.0

Calcium ug/L55400

Chromium ug/L7.44

Cobalt ug/L3.02

Iron ug/L4750

Lead ug/L0.749J

Magnesium ug/L3640

Manganese ug/L277

Molybdenum ug/L2.55J

Nickel ug/L7.53

Potassium ug/L3560

Sodium ug/L3820

Vanadium ug/L13.4J

Zinc ug/L19.6J

Client Sample ID:  16-WMF-P10-02

Lab Sample ID: 1167058002 UnitsParameter Result

Aluminum ug/L5660Metals by ICP/MS

Barium ug/L50.6

Calcium ug/L58400

Chromium ug/L7.03

Cobalt ug/L3.04

Copper ug/L1.90J

Iron ug/L4970

Lead ug/L0.838J

Magnesium ug/L3680

Manganese ug/L275

Molybdenum ug/L2.74J

Nickel ug/L7.54

Potassium ug/L3710

Sodium ug/L3940

Vanadium ug/L15.3J

Zinc ug/L21.6J

Print Date:  12/28/2016  8:39:05AM

Member of SGS Group

SGS North America Inc.
 200 West Potter Drive, Anchorage, AK 99518
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Client Sample ID:  16-WMF-P01-01

Client Project ID:  Wrangell Monofill Pat Creek

Lab Sample ID:  1167058001

Lab Project ID:  1167058

Collection Date:  12/03/16 13:30

Received Date:  12/05/16 13:27

Matrix: Water (Surface, Eff., Ground)

Solids (%):

Results by Metals by ICP/MS

Results of 16-WMF-P01-01

Location:  

Date AnalyzedParameter DFUnitsResult LOQ/CL DL
Allowable

LimitsQual

Aluminum 6210 ug/L 251000 310 12/21/16 14:22

Antimony 1.50 ug/L 53.00 0.940 12/21/16 11:01U

Arsenic 2.50 ug/L 55.00 1.50 12/21/16 11:01U

Barium 49.0 ug/L 53.00 0.940 12/21/16 11:01

Beryllium 0.500 ug/L 51.00 0.310 12/21/16 11:01U

Boron 100 ug/L 5200 62.0 12/21/16 11:01U

Cadmium 1.00 ug/L 52.00 0.620 12/21/16 11:01U

Calcium 55400 ug/L 252500 750 12/21/16 14:22

Chromium 7.44 ug/L 54.00 1.30 12/21/16 11:01

Cobalt 3.02 ug/L 51.00 0.310 12/21/16 11:01

Copper 3.00 ug/L 56.00 1.80 12/21/16 11:01U

Iron 4750 ug/L 5500 150 12/21/16 11:01

Lead 0.749 ug/L 51.00 0.310 12/21/16 11:01J

Magnesium 3640 ug/L 5500 150 12/21/16 11:01

Manganese 277 ug/L 52.00 0.620 12/21/16 11:01

Molybdenum 2.55 ug/L 55.00 1.50 12/21/16 11:01J

Nickel 7.53 ug/L 52.00 0.620 12/21/16 11:01

Potassium 3560 ug/L 51000 310 12/21/16 11:01

Selenium 10.0 ug/L 520.0 6.20 12/21/16 11:01U

Silver 1.00 ug/L 52.00 0.620 12/21/16 11:01U

Sodium 3820 ug/L 51000 310 12/21/16 11:01

Thallium 1.00 ug/L 52.00 0.620 12/21/16 11:01U

Vanadium 13.4 ug/L 520.0 6.20 12/21/16 11:01J

Zinc 19.6 ug/L 525.0 7.80 12/21/16 11:01J

Batch Information

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/16 08:35

Prep Initial Wt./Vol.:  25 mL

Prep Extract Vol:  25 mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Analyst:  VDL

Analytical Date/Time:  12/21/16 11:01

Container ID:  1167058001-A

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/16 08:35

Prep Initial Wt./Vol.:  25 mL

Prep Extract Vol:  25 mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Analyst:  VDL

Analytical Date/Time:  12/21/16 14:22

Container ID:  1167058001-A

Print Date:  12/28/2016  8:39:06AM

Member of SGS Group

SGS North America Inc.
200 West Potter Drive Anchorage, AK 95518

t 907.562.2343 f 907.561.5301  www.us.sgs.com
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Client Sample ID:  16-WMF-P10-02

Client Project ID:  Wrangell Monofill Pat Creek

Lab Sample ID:  1167058002

Lab Project ID:  1167058

Collection Date:  12/03/16 13:35

Received Date:  12/05/16 13:27

Matrix: Water (Surface, Eff., Ground)

Solids (%):

Results by Metals by ICP/MS

Results of 16-WMF-P10-02

Location:  

Date AnalyzedParameter DFUnitsResult LOQ/CL DL
Allowable

LimitsQual

Aluminum 5660 ug/L 251000 310 12/21/16 14:26

Antimony 1.50 ug/L 53.00 0.940 12/21/16 11:14U

Arsenic 2.50 ug/L 55.00 1.50 12/21/16 11:14U

Barium 50.6 ug/L 53.00 0.940 12/21/16 11:14

Beryllium 0.500 ug/L 51.00 0.310 12/21/16 11:14U

Boron 100 ug/L 5200 62.0 12/21/16 11:14U

Cadmium 1.00 ug/L 52.00 0.620 12/21/16 11:14U

Calcium 58400 ug/L 252500 750 12/21/16 14:26

Chromium 7.03 ug/L 54.00 1.30 12/21/16 11:14

Cobalt 3.04 ug/L 51.00 0.310 12/21/16 11:14

Copper 1.90 ug/L 56.00 1.80 12/21/16 11:14J

Iron 4970 ug/L 5500 150 12/21/16 11:14

Lead 0.838 ug/L 51.00 0.310 12/21/16 11:14J

Magnesium 3680 ug/L 5500 150 12/21/16 11:14

Manganese 275 ug/L 52.00 0.620 12/21/16 11:14

Molybdenum 2.74 ug/L 55.00 1.50 12/21/16 11:14J

Nickel 7.54 ug/L 52.00 0.620 12/21/16 11:14

Potassium 3710 ug/L 51000 310 12/21/16 11:14

Selenium 10.0 ug/L 520.0 6.20 12/21/16 11:14U

Silver 1.00 ug/L 52.00 0.620 12/21/16 11:14U

Sodium 3940 ug/L 51000 310 12/21/16 11:14

Thallium 1.00 ug/L 52.00 0.620 12/21/16 11:14U

Vanadium 15.3 ug/L 520.0 6.20 12/21/16 11:14J

Zinc 21.6 ug/L 525.0 7.80 12/21/16 11:14J

Batch Information

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/16 08:35

Prep Initial Wt./Vol.:  25 mL

Prep Extract Vol:  25 mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Analyst:  VDL

Analytical Date/Time:  12/21/16 11:14

Container ID:  1167058002-A

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/16 08:35

Prep Initial Wt./Vol.:  25 mL

Prep Extract Vol:  25 mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Analyst:  VDL

Analytical Date/Time:  12/21/16 14:26

Container ID:  1167058002-A

Print Date:  12/28/2016  8:39:06AM

Member of SGS Group

SGS North America Inc.
200 West Potter Drive Anchorage, AK 95518
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Blank ID: MB for HBN 1751413 [MXX/30402]

Blank Lab ID: 1368716

QC for Samples:  

1167058001, 1167058002

Matrix: Water (Surface, Eff., Ground)

Results by SW6020A

DL UnitsLOQ/CLResultsParameter

Method Blank

Aluminum 200 ug/L62.0100U

Antimony 3.00 ug/L0.9401.50U

Arsenic 5.00 ug/L1.502.50U

Barium 3.00 ug/L0.9401.50U

Beryllium 1.00 ug/L0.3100.500U

Boron 200 ug/L62.0100U

Cadmium 2.00 ug/L0.6201.00U

Calcium 500 ug/L150250U

Chromium 4.00 ug/L1.302.00U

Cobalt 1.00 ug/L0.3100.500U

Copper 6.00 ug/L1.803.00U

Iron 500 ug/L150250U

Lead 1.00 ug/L0.3100.500U

Magnesium 500 ug/L150250U

Manganese 2.00 ug/L0.6201.00U

Molybdenum 5.00 ug/L1.502.50U

Nickel 2.00 ug/L0.6201.00U

Potassium 1000 ug/L310500U

Selenium 20.0 ug/L6.2010.0U

Silver 2.00 ug/L0.6201.00U

Sodium 1000 ug/L310500U

Thallium 2.00 ug/L0.6201.00U

Vanadium 20.0 ug/L6.2010.0U

Zinc 25.0 ug/L7.8012.5U

Batch Information

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Instrument:  Perkin Elmer NexIon P5

Analyst:  VDL

Analytical Date/Time:  12/21/2016  10:21:10AM

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/2016   8:35:56AM

Prep Initial Wt./Vol.:  25 mL

Prep Extract Vol:  25 mL

Print Date:  12/28/2016  8:39:07AM

Member of SGS Group

SGS North America Inc.
200 West Potter Drive Anchorage, AK 95518
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Blank Spike ID:  LCS for HBN 1167058 [MXX30402]

Blank Spike Lab ID:  1368717

Date Analyzed:    12/21/2016  10:25

Results by SW6020A

Blank Spike Summary

Matrix:  Water (Surface, Eff., Ground)

Parameter Spike Rec (%) CL

Blank Spike (ug/L)

QC for Samples: 1167058001, 1167058002

Result

Aluminum 800  101 ( 84-117 )805

Antimony 800  102 ( 85-117 )812

Arsenic 800  97 ( 84-116 )778

Barium 800  101 ( 86-114 )812

Beryllium 80  106 ( 83-121 )84.6

Boron 800  104 ( 73-130 )831

Cadmium 80  104 ( 87-115 )83.2

Calcium 8000  106 ( 87-118 )8460

Chromium 320  96 ( 85-116 )306

Cobalt 400  99 ( 86-115 )394

Copper 800  101 ( 85-118 )806

Iron 4000  100 ( 87-118 )3990

Lead 800  107 ( 88-115 )857

Magnesium 8000  104 ( 83-118 )8320

Manganese 400  97 ( 87-115 )387

Molybdenum 320  98 ( 83-115 )314

Nickel 800  99 ( 85-117 )790

Potassium 8000  100 ( 87-115 )8000

Selenium 800  97 ( 80-120 )773

Silver 80  106 ( 85-116 )84.5

Sodium 8000  106 ( 85-117 )8450

Thallium 8  106 ( 82-116 )8.45

Vanadium 160  95 ( 86-115 )152

Zinc 800  97 ( 83-119 )778

Batch Information

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Instrument:  Perkin Elmer NexIon P5

Analyst:  VDL

Prep Batch:  MXX30402

Prep Method:  SW3010A

Prep Date/Time:  12/20/2016  08:35

Spike Init Wt./Vol.:  800 ug/L    Extract Vol:  25 mL

Dupe Init Wt./Vol.:      Extract Vol:  

Print Date:  12/28/2016  8:39:09AM

Member of SGS Group
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Original Sample ID: 1368718

MS Sample ID:  1368719 MS

MSD Sample ID:  1368720 MSD

Analysis Date:  12/21/2016  10:30

Analysis Date:  12/21/2016  10:34

Analysis Date:  12/21/2016  10:39

Matrix:  Water (Surface, Eff., Ground)

Results by SW6020A

Matrix Spike (ug/L) Spike Duplicate (ug/L)

QC for Samples:

Parameter SpikeSample Rec (%) Spike Rec (%) CL RPD (%)

1167058001, 1167058002

Matrix Spike Summary

RPD CLResult Result

Aluminum 800100U  126 800  125 84-117  0.77 (< 20 )* *1010 1000

Antimony 8003.13  120 800  113 85-117  5.64 (< 20 )*961 908

Arsenic 8009.30  119 800  114 84-116  4.67 (< 20 )*963 919

Barium 80012.4  121 800  116 86-114  3.77 (< 20 )* *981 944

Beryllium 80.00.500U  114 80.0  109 83-121  4.56 (< 20 )90.9 86.8

Boron 8001530  103 800  93 73-130  3.40 (< 20 )2360 2280

Cadmium 80.01.00U  118 80.0  110 87-115  6.51 (< 20 )*94.3 88.4

Calcium 8000135000  39 8000 -10 87-118  2.87 (< 20 )* *138000 135000

Chromium 3207.78  108 320  106 85-116  2.14 (< 20 )355 347

Cobalt 4004.56  112 400  110 86-115  2.08 (< 20 )454 445

Copper 8009.90  110 800  108 85-118  1.83 (< 20 )888 872

Iron 40006920  104 4000  121 87-118  6.20 (< 20 )*11100 11800

Lead 8000.505J  120 800  113 88-115  5.23 (< 20 )*957 908

Magnesium 800038100  104 8000  88 83-118  2.90 (< 20 )46400 45100

Manganese 400666  104 400  98 87-115  2.49 (< 20 )1080 1060

Molybdenum 3202.60J  118 320  114 83-115  3.33 (< 20 )*381 368

Nickel 80024.3  109 800  110 85-117  0.98 (< 20 )894 903

Potassium 800096000  82 8000  55 87-115  2.15 (< 20 )* *103000 100000

Selenium 80010.0U  115 800  110 80-120  3.86 (< 20 )917 882

Silver 80.01.00U  71 80.0  76 85-116  7.28 (< 20 )* *56.7 61.0

Sodium 8000330000 -97 8000 -73 85-117  0.59 (< 20 )* *322000 324000

Thallium 8.001.00U  116 8.00  109 82-116  6.13 (< 20 )9.3 8.75

Vanadium 16010.0U  118 160  113 86-115  3.91 (< 20 )*188 181

Zinc 80034.0  112 800  108 83-119  3.85 (< 20 )932 897

Batch Information

Prep Batch:  MXX30402

Prep Method:  3010 H20 Digest for Metals ICP-MS

Prep Date/Time:  12/20/2016   8:35:56AM

Prep Initial Wt./Vol.:  25.00mL

Prep Extract Vol:  25.00mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Instrument:  Perkin Elmer NexIon P5

Analyst:  VDL

Analytical Date/Time:  12/21/2016  10:34:37AM

Print Date:  12/28/2016  8:39:10AM

Member of SGS Group
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Original Sample ID: 1368718

MS Sample ID:  1368721 BND

MSD Sample ID:   

Analysis Date:  12/21/2016  10:30

Analysis Date:  12/21/2016  10:43

Analysis Date:  

Matrix:  Water (Surface, Eff., Ground)

Results by SW6020A

Matrix Spike (ug/L) Spike Duplicate (ug/L)

QC for Samples:

Parameter SpikeSample Rec (%) Spike Rec (%) CL RPD (%)

1167058001, 1167058002

Bench Spike Summary

RPD CLResult Result

Aluminum 1250100U  106 80-1201320

Antimony 12503.13  94 80-1201180

Arsenic 1259.30  100 80-120135

Barium 250012.4  101 80-1202550

Cadmium 12501.00U  95 80-1201190

Iron 250006920  94 80-12030400

Lead 12500.505J  95 80-1201190

Molybdenum 2502.60J  99 80-120251

Silver 25.01.00U  99 80-12024.7

Vanadium 125010.0U  97 80-1201210

Batch Information

Prep Batch:  MXX30402

Prep Method:  3010 H20 Digest for Metals ICP-MS

Prep Date/Time:  12/20/2016   8:35:56AM

Prep Initial Wt./Vol.:  25.00mL

Prep Extract Vol:  25.00mL

Analytical Batch:  MMS9650

Analytical Method:  SW6020A

Instrument:  Perkin Elmer NexIon P5

Analyst:  VDL

Analytical Date/Time:  12/21/2016  10:43:36AM

Print Date:  12/28/2016  8:39:10AM

Member of SGS Group

SGS North America Inc.
200 West Potter Drive Anchorage, AK 95518
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e-SAMPLE RECEIPT FORM

°C Therm ID:

°C Therm ID:

Therm ID:

Review Criteria Y/N (yes/no)

Were Trip Blanks (i.e., VOAs, LL-Hg) in cooler with samples?

Were all VOA vials free of headspace (i.e., bubbles ≤ 6mm)?

Note:  Identify containers received at non-compliant temperature .  Use form 

FS-0029 if more space is needed.

YWere proper containers (type/mass/volume/preservative***)used?

@ °C

Additional notes (if applicable):

Note to Client: Any "no" answer above indicates non-compliance with standard procedures and may impact data quality.

Exceptions Noted below

Note: Refer to form F-083 "Sample Guide" for hold times.

***Exemption permitted for metals (e.g,200.8/6020A).

Cooler ID:

Cooler ID:

°C Therm ID: D3

@ °C

**Note:  If times differ <1hr, record details & login per COC.

Were analyses requested unambiguous? Y

Do samples match COC** (i.e.,sample IDs,dates/times collected)? Y

Were all soil VOAs field extracted with MeOH+BFB?

IF APPLICABLE

If samples received without a temperature blank, the "cooler temperature" will 

be documented in lieu of the temperature blank & "COOLER TEMP" will be 

noted to the right.  In cases where neither a temp blank nor cooler temp can be 

obtained, note "ambient" or "chilled".

Were samples received within hold time?

**exemption permitted if chilled & collected <8hrs ago or chlling not required (i.e., waste, oil)Y

Y

Temperature blank compliant* (i.e., 0-6 °C after CF)?

*If >6°C, were samples collected <8 hours ago? N

If <0°C, were sample containers ice free? 

N

@

Cooler ID:

Cooler ID:

Cooler ID:

@

COC accompanied samples? Y

Therm ID:

1 @ 7.2

1167058 1167058

exemption permitted if sampler hand carries/delivers.Y

Were Custody Seals intact?  Note # & location ABSENTABSENTABSENTABSENT

F102b_SRFpm_2016060113 of 14



 SGS logo new.gif

Sample Containers and Preservatives

Container Id Preservative Container 

Condition

Container Id Container 

Condition

Preservative

1167058001-A HNO3 to pH < 2 OK

1167058002-A HNO3 to pH < 2 OK

Container Condition Glossary

Containers for bacteriological, low level mercury and VOA vials are not opened prior to analysis and will be 

assigned condition code OK unless evidence indicates than an inappropriate container was submitted.  

OK - The container was received at an acceptable pH for the analysis requested.

BU - The container was received with headspace greater than 6mm.

DM-  The container was received damaged.

FR-  The container was received frozen and not usable for Bacteria or BOD analyses.

PA - The container was received outside of the acceptable pH for the analysis requested. Preservative was 

added upon receipt and the container is now at the correct pH. See the Sample Receipt Form for details on 

the amount and lot # of the preservative added.

PH - The container was received outside of the acceptable pH for the analysis requested. Preservative was 

added upon receipt, but was insufficient to bring the container to the correct pH for the analysis 

requested. See the Sample Receipt Form for details on the amount and lot # of the preservative added.
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Laboratory Data Review Checklist 
 

 
Completed by:  
 
Title:   Date:  
 
CS Report Name: Report Date:   
 
Consultant Firm: 
 
Laboratory Name: Laboratory Report Number: 
 
ADEC File Number:  ADEC RecKey Number: 
 
1. Laboratory 

a. Did an ADEC CS approved laboratory receive and perform all of the submitted sample analyses? 
Yes  No NA (Please explain.)  Comments:  

 
b. If the samples were transferred to another “network” laboratory or sub-contracted to an alternate 

laboratory, was the laboratory performing the analyses ADEC CS approved? 
Yes  No NA (Please explain.)  Comments:  

  
2. Chain of Custody (COC) 

a. COC information completed, signed, and dated (including released/received by)? 
Yes  No NA (Please explain.)  Comments:  

 
b. Correct analyses requested? 

Yes  No NA (Please explain.)  Comments:  

 
3. Laboratory Sample Receipt Documentation 

a. Sample/cooler temperature documented and within range at receipt (4° ± 2° C)? 
Yes  No NA (Please explain.)  Comments:  

 
b. Sample preservation acceptable – acidified waters, Methanol preserved VOC soil (GRO, BTEX, 

Volatile Chlorinated Solvents, etc.)? 
Yes  No NA (Please explain.)  Comments:  

 

Emily Freitas 

Chemist  01/11/2017 

Wrangell Monofill Pat Creek December 2016 

Ahtna Engineering Services 

SGS Environmental  1167058 

            

SGS is ADEC certified 

Samples were not transferred to an additional laboratory 

      

Correct analyses were requested. 

Cooler was hand delivered and received at 7.2°C.  

Sample was correctly preserved according to analyses requested.  
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c. Sample condition documented – broken, leaking (Methanol), zero headspace (VOC vials)? 
Yes  No NA (Please explain.)  Comments:  

 
d. If there were any discrepancies, were they documented? For example, incorrect sample 

containers/preservation, sample temperature outside of acceptable range, insufficient or missing 
samples, etc.? 

Yes  No NA (Please explain.)  Comments:  

 
e. Data quality or usability affected? (Please explain.) 

Comments: 

 
4. Case Narrative 

a. Present and understandable? 
Yes  No NA (Please explain.)  Comments:  

 
b. Discrepancies, errors or QC failures identified by the lab? 

Yes  No NA (Please explain.)  Comments:  

 
c. Were all corrective actions documented? 

Yes  No NA (Please explain.)  Comments:  

 
d. What is the effect on data quality/usability according to the case narrative? 

Comments:
 

 
5. Samples Results 

a. Correct analyses performed/reported as requested on COC? 
Yes  No NA (Please explain.)  Comments:  

 
b. All applicable holding times met? 

Yes  No NA (Please explain.)  Comments:  

 
 

There were no discrepancies in sample condition upon receipt.   

There were no discrepancies with sample receipt conditions.  

Data usability or quality is not affected by the sample receipt conditions. No qualifications were 
made based on the sample receipt temperatures since only metals analyses were requested.  

      

      

      

Data usability was not affected by the case narrative. 
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c. All soils reported on a dry weight basis? 
Yes  No NA (Please explain.)  Comments:  

 
d. Are the reported PQLs less than the Cleanup Level or the minimum required detection level for the 

project? 
Yes  No NA (Please explain.)  Comments:  

 
e. Data quality or usability affected?  

Comments:
 

 
6. QC Samples 

a. Method Blank 
i. One method blank reported per matrix, analysis and 20 samples? 

Yes  No NA (Please explain.)  Comments:  

 
ii. All method blank results less than PQL? 

Yes  No NA (Please explain.)  Comments:  

 
iii. If above PQL, what samples are affected? 

Comments: 

 
iv. Do the affected sample(s) have data flags and if so, are the data flags clearly defined? 

Yes  No NA (Please explain.)  Comments:  

 
v. Data quality or usability affected?  (Please explain.) 

Comments:
 

 
b. Laboratory Control Sample/Duplicate (LCS/LCSD) 

 
i. Organics – One LCS/LCSD reported per matrix, analysis and 20 samples? (LCS/LCSD 

required per AK methods, LCS required per SW846) 
Yes  No NA (Please explain.)  Comments:  

 

There were no soil samples submitted for analysis. 

      

Data quality and usability is not affected with respect to the reported sample results. 

      

      

NA. All results were below PQL.  

      

Data quality and usability was not affected with respect to the reported method blank results.   

      



Version 2.7                                                    Page 4 of 7                                                                       1/10 

ii. Metals/Inorganics – one LCS and one sample duplicate reported per matrix, analysis and 20 
samples? 

Yes  No NA (Please explain.)  Comments:  

 
iii. Accuracy – All percent recoveries (%R) reported and within method or laboratory limits? 

And project specified DQOs, if applicable. (AK Petroleum methods: AK101 60%-120%, 
AK102 75%-125%, AK103 60%-120%; all other analyses see the laboratory QC pages) 

Yes  No NA (Please explain.)  Comments:  

 
iv. Precision – All relative percent differences (RPD) reported and less than method or 

laboratory limits? And project specified DQOs, if applicable.  RPD reported from 
LCS/LCSD, MS/MSD, and or sample/sample duplicate. (AK Petroleum methods 20%;  all 
other analyses see the laboratory QC pages) 

Yes  No NA (Please explain.)  Comments:  

 
v. If %R or RPD is outside of acceptable limits, what samples are affected? 

Comments:
 

 
vi. Do the affected sample(s) have data flags? If so, are the data flags clearly defined? 

Yes  No NA (Please explain.)  Comments:  

 
vii. Data quality or usability affected? (Use comment box to explain.) 

Comments:
 

 
c. Surrogates – Organics Only 

 
i. Are surrogate recoveries reported for organic analyses – field, QC and laboratory samples? 

Yes  No NA (Please explain.)  Comments:  

 
ii. Accuracy – All percent recoveries (%R) reported and within method or laboratory limits? 

And project specified DQOs, if applicable. (AK Petroleum methods 50-150 %R; all other 
analyses see the laboratory report pages) 

Yes  No NA (Please explain.)  Comments:  

 

      

The % R for various analytes were outside of the recommended limits.  

      

      

No data flags were necessary. Recovery errors are likely due to matrix effects. Additional quality 
controls samples provided enough infomration to verify the accuracy of the laboratory methods.  

Data quality or usability is not affected with respect to the reported results.  

No samples were submitted for organic analyses.  
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iii. Do the sample results with failed surrogate recoveries have data flags? If so, are the data 
flags clearly defined? 

Yes  No NA (Please explain.)  Comments:  

 
iv. Data quality or usability affected? (Use the comment box to explain.) 

Comments:
 

 
 
d. Trip blank – Volatile analyses only (GRO, BTEX, Volatile Chlorinated Solvents, etc.): Water and 

Soil 
 

i. One trip blank reported per matrix, analysis and for each cooler containing volatile samples? 
(If not, enter explanation below.) 

Yes  No NA (Please explain.)  Comments:  

 
ii. Is the cooler used to transport the trip blank and VOA samples clearly indicated on the COC?  

(If not, a comment explaining why must be entered below) 
 Yes   No   NA (Please explain.)  Comments:  

  

 
iii. All results less than PQL? 

Yes  No NA (Please explain.)  Comments:  

 
 

iv. If above PQL, what samples are affected? 
Comments:

 

 
v. Data quality or usability affected? (Please explain.) 

Comments:
 

 
e. Field Duplicate 

 
i. One field duplicate submitted per matrix, analysis and 10 project samples? 

Yes  No NA (Please explain.)  Comments:  

 

      

      

No samples were submitted for volatile analyses. 

      

      

      

      

Primary 16-WMF-P01-01 was submitted with duplicate 16-WMF-P10-02.   
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ii. Submitted blind to lab? 
Yes  No NA (Please explain.)  Comments:  

 
iii. Precision – All relative percent differences (RPD) less than specified DQOs? 

(Recommended: 30% water, 50% soil)  
 
RPD (%) = Absolute value of:  (R1-R2)      
                  

                        
   x 100   

 

                       ((R1+R2)/2) 

Where  R1 = Sample Concentration 
R2 = Field Duplicate Concentration

 

Yes  No NA (Please explain.)  Comments:  

 
iv. Data quality or usability affected? (Use the comment box to explain why or why not.) 

Comments: 

 
f. Decontamination or Equipment Blank (If not used explain why). 

 Yes   No   NA (Please explain.)  Comments:  

 
i. All results less than PQL? 

Yes  No NA (Please explain.)  Comments: 
 

 
ii. If above PQL, what samples are affected? 

Comments:
 

 
iii. Data quality or usability affected? (Please explain.) 

Comments:
 

 
7. Other Data Flags/Qualifiers (ACOE, AFCEE, Lab Specific, etc.) 

a. Defined and appropriate? 

      

  

Data usability was not affected with respect to the reported field duplicate results.  

Disposable equipment was used so no equipment blanks were necessary 

      

      

Data quality and usability is not affected  

All laboratory report related qualifiers have been defined in the data package and were not used in 
the report table.  
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Yes  No NA (Please explain.)  Comments:  
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HELP MODEL CALCULATION PACKAGE 
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COVER DRAINAGE DESIGN AND EVALUATION 
WRANGELL MONOFILL 

WRANGELL, ALASKA 

1. OBJECTIVE 

The Alaska Department of Environmental Conservation (ADEC) proposes to relocate 
treated lead impacted soil from the Wrangell Junkyard to a monofill proposed to be 
constructed at an abandoned rock pit owned by the Alaska Department of Natural 
Resources (ADNR) in Wrangell, Alaska.  The objective of this calculation is to evaluate 
the ability of the proposed engineered cap system to minimize leakage through the 
monofill.  The analysis evaluates the amount of water expected to percolate through 
assumed defects in the geomembrane component of the cap and into the waste mass. 

The proposed cover system includes the following components from top to bottom 
(Figure 1): 

 2-foot cover soil; 
 Geocomposite (assumed to be double sided); 
 60-mil high-density polyethylene (HDPE) geomembrane; 
 Geosynthetic clay liner (GCL) (optional); and 
 Prepared treated soil. 

Figure 1: Proposed Liner System 
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The bottom of the monofill is proposed to be unlined, and underlain by crushed rock 
and fractured bedrock. 

2. ANALYSIS 

The amount of infiltration expected through the cover is estimated using the Hydrologic 
Evaluation of Landfill Performance (HELP) model, developed by the U.S. Environmental 
Protection Agency (EPA) and the U.S. Army Corps of Engineers.  Using inputs such as 
geographic location, material properties, and liner configurations, the HELP program 
estimates the volume of infiltration expected to percolate through the conceptual 
engineered cap, through the waste mass, and into the groundwater. 

3.1  Help Model Input Parameters 

Input parameters needed to perform the HELP analyses include weather information, 
material-related properties, and landfill configuration properties. The cover system and 
assumed material properties used to evaluate infiltration through the cap are listed in 
Table 1.   
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Table 1: HELP Model Input Parameters 

Layer 
Description 

Thickness 
HELP 

Material Type 

HELP 
Material 

Texture No. 

Hydraulic 
Conductivity

, k (cm/s) 
Other 

Cover Soil 24 inches 
Vertical 

Percolation 
Layer 

1 1.0x10-2 

Fair 
vegetation 

growth 
assumed 

Geocomposite 
0.20 

inches 
Lateral 

Drainage Layer 
20 10 

Assumed 
drainage 

length of 130 
ft (top deck) 
and 120 ft 

(side slope) 

HDPE 
Geomembrane 

0.06 
inches 

Flexible 
Membrane 

Liner 
35 2.0x10-13 

Good 
installation, 4 
pinholes/ac; 1 

hole/ac 
installation 

defects 
Geosynthetic 
Clay Liner 

(GCL) 

0.23 
inches 

Soil Barrier 
Layer 

17 3.0x10-9 Layer optional 

Treated Soil 
(Side Slope) 

20 feet 
(240 

inches) 

Vertical 
Percolation 

Layer 
5 1x10-3 

Assumed to be 
half the height 

of the side 
slope 

Treated Soil 
(Top Deck) 

40 feet 
(480 

inches) 

Vertical 
Percolation 

Layer 
5 1x10-3 - 

Crushed Rock 
5.5 feet 

(66 
inches) 

Vertical 
Percolation 

Layer 
21 3.0x10-1 - 

 
The monofill is assumed to be approximately 40 feet high plus a 2-foot thick soil cover. 
During the geotechnical investigation performed by Ahtna, bedrock was observed at 
depths of approximately 1, 6 and 10 ft below ground surface (ft bgs).  For the purpose of 
the calculation, the depth to bedrock was modeled with an average depth of 5.5 feet below 
ground surface and overlain by crushed rock and gravel.  

The weather information includes precipitation, temperature, and solar radiation. For the 
purpose of this calculation, precipitation and temperature data was generated for thirty 
years using monthly averages collected at the Wrangell Airport (NOAA, 2017). The 
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HELP model generates 30 years of data using a synthetic weather generator. The 
precipitation and temperature data is generated using statistical characteristics of the 
location chosen. Annette, Alaska was chosen for temperature generation, as this location 
is close in proximity to Wrangell, Alaska. Olympia, Washington was chosen for 
precipitation data generation, as Olympia has similar rainy seasons and trends in rainfall 
throughout the year. Solar radiation was calculated in the HELP program using a station 
latitude corresponding to the site of 56.35 degrees. 

Runoff was allowed and was calculated by the HELP program using soil data, a surface 
slope of 3% for the top deck and 33% (3:1 horizontal:vertical) for the side slope, and a 
slope length of 130 feet  for the top deck and 120 ft for the side slope.  Vegetation growth 
was assumed to be fair to moderate. 

3.3 Help Analysis Methodology 

The base model assumption used in the HELP program to model landfill performance is: 

 I = P – (R + ET) 

Where: 
 
I = Infiltration through the top layer of the landfill (i.e., final cover) 

P = Precipitation (i.e., rainfall) 

R = surface runoff which includes interception by the ground cover and actual runoff 

ET = evapotranspiration 

The HELP program simulates daily liquid movement into, through, and out of a landfill.  
Precipitation infiltrating into a layer is either stored in the layer, removed by 
evapotranspiration, removed by lateral drainage (for layers specified as lateral drainage 
layers), or conveyed into lower layers.  Factors affecting liquid movement include the 
initial moisture content of each layer, the storage available in each layer, the additional 
moisture that reaches the particular layer from the layer above it, and the hydraulic 
conductivity of the layer.      

Conservatively, the vegetative soil component of the cover system was assumed to consist 
of a poorly graded sand, which conservatively allows for higher amounts of infiltration 
and higher hydraulic head on top of the geomembrane.   
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3.4 Help Analysis Output 

The HELP program analysis estimates average annual and peak daily values for 
precipitation, runoff, evapotranspiration, lateral drainage, percolation/leakage, and 
change in water storage on a per-acre basis.  The calculation analyzed the top deck and 
side slope with and without a GCL beneath the geomembrane. The results of the analysis 
for annual average infiltration are summarized below in Table 2. Peak values are 
presented in the output files (Attachment C). 
 

Table 2: Analysis Results 

Case Analyzed 
Average Annual Infiltration 

into Groundwater 
(gal/year/acre) 

Top Deck - No GCL 280.0 

Top Deck - GCL 0.6 

Side Slope - No GCL 22.9 

Side Slope - GCL 0.0 

 

Results indicate a maximum of approximately 280 gallons per year per acre 
(gal/year/acre) are expected to infiltrate through the waste mass and into the subsurface. 
The addition of a GCL to the cover system decreases the estimated infiltration to 
negligible amounts. Output files are provided in Attachment C.  

Given an approximate top deck planar area of 0.38 acres and an approximate side slope 
planar area of 0.40 acres, the average annual infiltration beneath the monofill is estimated 
to be 0.3 gallons per year with a GCL and 116 gallons per year without a GCL.   

3. CONCLUSION 

The calculation provided herein for the proposed cover system at the Wrangell Monofill 
indicates a maximum average annual volume of approximately 280 gal/year/acre will 
infiltrate into groundwater at the site calculated using the HELP model. The 280 
gal/year/acre is water that has infiltrated through the cover system, percolated through the 
treated waste, and seeped into groundwater. The HELP model indicates the addition of a 
GCL would minimize the infiltration to negligible amounts. This analysis is preliminary 
and for discussion purposes and components such as the geocomposite, geomembrane 
and soil cover will be optimized during final design.   
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Attachment B 
NOAA Weather Data  



1981-2010 Normals | Data Tools | Climate Data Online (CDO) | National... https://www.ncdc.noaa.gov/cdo-web/datatools/normals

1 of 3 1/9/2017 3:04 PM
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Attachment C 
HELP Output Files 

 
 



WRANGCLS
� 

 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\WRANG2.D4                                      
 TEMPERATURE DATA FILE:      c:\wrang2.D7                                      
 SOLAR RADIATION DATA FILE:  c:\wrang2.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\wrang2.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\wrangcls.D10                                   
 OUTPUT DATA FILE:           C:\wrangcls.OUT                                   

 TIME:  11: 3     DATE:   1/26/2017

 
 ******************************************************************************

      TITLE:  WRANGELL MONOFILL                                           

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY‐STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
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WRANGCLS
                          MATERIAL TEXTURE NUMBER   1
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4170 VOL/VOL
            FIELD CAPACITY              =      0.0450 VOL/VOL
            WILTING POINT               =      0.0180 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1316 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E‐02 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    ‐‐‐‐‐‐‐‐

                        TYPE 2 ‐ LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.20   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0147 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =     33.00   PERCENT
            DRAINAGE LENGTH             =    120.0    FEET

 
                                    LAYER  3
                                    ‐‐‐‐‐‐‐‐

                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      4.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     
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                                    LAYER  4
                                    ‐‐‐‐‐‐‐‐

                          TYPE 3 ‐ BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.23   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E‐08 CM/SEC

 
                                    LAYER  5
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   5
            THICKNESS                   =    240.00   INCHES
            POROSITY                    =      0.4570 VOL/VOL
            FIELD CAPACITY              =      0.1310 VOL/VOL
            WILTING POINT               =      0.0580 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1310 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E‐02 CM/SEC

 
                                    LAYER  6
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     66.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
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          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 33.%
                   AND A SLOPE LENGTH OF  120. FEET.

         SCS RUNOFF CURVE NUMBER             =     52.10
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      8.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.931  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      3.336  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.144  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     36.885  INCHES
         TOTAL INITIAL WATER                 =     36.885  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   WRANGELL              ALASKA            

              STATION LATITUDE                       =  56.35 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    160
              END OF GROWING SEASON (JULIAN DATE)    =    262
              EVAPORATIVE ZONE DEPTH                 =   8.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  10.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  80.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    OLYMPIA             WASHINGTON          

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
        8.01        6.13        6.09        4.94        4.79        4.29
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        5.36        6.99       11.49       13.91       10.01        9.20

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
       31.90       33.90       37.70       43.30       49.80       55.10
       57.80       57.40       52.20       44.90       37.00       33.10

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              
                     AND STATION LATITUDE  =  56.35 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐
   PRECIPITATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 7.76     6.47     5.97     5.67     4.87     3.77
                            4.85     5.48    10.60    13.70     9.81     9.20
 
     STD. DEVIATIONS        2.35     2.09     2.07     1.67     2.59     1.87
                            4.22     3.37     5.90     5.29     3.73     2.50
 
   RUNOFF
   ‐‐‐‐‐‐
     TOTALS                 3.225    5.838    5.066    0.364    0.000    0.000
                            0.004    0.033    0.090    0.028    0.006    0.394
 
     STD. DEVIATIONS        3.489    3.764    3.515    0.955    0.000    0.000
                            0.021    0.155    0.293    0.105    0.026    1.046
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   EVAPOTRANSPIRATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.496    0.339    0.639    1.734    1.519    1.111
                            1.022    1.163    1.334    1.119    0.806    0.544
 
     STD. DEVIATIONS        0.230    0.165    0.459    0.531    0.761    0.659
                            0.800    0.487    0.384    0.221    0.157    0.177
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 3.3477   1.1343   2.3961   4.1978   3.5072   2.9624
                            3.6819   4.2362   8.7254  12.1111   8.4801   6.4555
 
     STD. DEVIATIONS        3.1808   1.9977   1.9541   1.3732   1.3790   1.4528
                            3.5018   2.3346   5.5415   5.0404   3.4720   3.1466
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 

 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0008   0.0003   0.0005   0.0010   0.0008   0.0007
                            0.0008   0.0010   0.0021   0.0028   0.0020   0.0015
 
     STD. DEVIATIONS        0.0007   0.0005   0.0004   0.0003   0.0003   0.0003
                            0.0008   0.0005   0.0013   0.0012   0.0008   0.0007
 
 *******************************************************************************

Page 6



WRANGCLS

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                      INCHES            CU. FEET       PERCENT
                                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐
  PRECIPITATION                  88.17    (  13.166)     320045.0     100.00
 
  RUNOFF                         15.048   (  6.1271)      54624.41     17.068
 
  EVAPOTRANSPIRATION             11.827   (  1.8247)      42931.22     13.414
 
  LATERAL DRAINAGE COLLECTED     61.23574 ( 12.61088)    222285.719   69.45452
    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.009     0.00000
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.001 (    0.000)
    OF LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00000 (  0.00000)         0.000     0.00000
    LAYER  6
 
  CHANGE IN WATER STORAGE         0.056   (  3.2095)        203.62      0.064
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                                 (INCHES)      (CU. FT.)
                                                ‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐
       PRECIPITATION                              8.90         32306.998
 
       RUNOFF                                     5.122        18591.6934
 
       DRAINAGE COLLECTED FROM LAYER  2           6.41529      23287.50590
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000000         0.00006
 
       AVERAGE HEAD ON TOP OF LAYER  3            0.046
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       MAXIMUM HEAD ON TOP OF LAYER  3            0.081

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)                2.6 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000000         0.00000
 
       SNOW WATER                                13.33         48399.1367
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4158
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0180
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262‐270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                     LAYER        (INCHES)       (VOL/VOL)
                     ‐‐‐‐‐        ‐‐‐‐‐‐‐‐       ‐‐‐‐‐‐‐‐‐
                       1            2.9240         0.1218

                       2            0.0025         0.0125

                       3            0.0000         0.0000

                       4            0.1725         0.7500

                       5           31.4399         0.1310

                       6            2.1120         0.0320
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                   SNOW WATER       1.917
 
 ******************************************************************************
 ******************************************************************************
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 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\WRANG2.D4                                      
 TEMPERATURE DATA FILE:      c:\wrang2.D7                                      
 SOLAR RADIATION DATA FILE:  c:\wrang2.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\wrang2.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\wranggcl.D10                                   
 OUTPUT DATA FILE:           C:\wranggcl.OUT                                   

 TIME:  11: 0     DATE:   1/26/2017

 
 ******************************************************************************

      TITLE:  WRANGELL MONOFILL                                           

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY‐STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   1
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4170 VOL/VOL
            FIELD CAPACITY              =      0.0450 VOL/VOL
            WILTING POINT               =      0.0180 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1301 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E‐02 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    ‐‐‐‐‐‐‐‐

                        TYPE 2 ‐ LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.20   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0589 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    130.0    FEET

 
                                    LAYER  3
                                    ‐‐‐‐‐‐‐‐

                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      4.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     
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                                    LAYER  4
                                    ‐‐‐‐‐‐‐‐

                          TYPE 3 ‐ BARRIER SOIL LINER
                          MATERIAL TEXTURE NUMBER  17
            THICKNESS                   =      0.23   INCHES
            POROSITY                    =      0.7500 VOL/VOL
            FIELD CAPACITY              =      0.7470 VOL/VOL
            WILTING POINT               =      0.4000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.7500 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000003000E‐08 CM/SEC

 
                                    LAYER  5
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   5
            THICKNESS                   =    480.00   INCHES
            POROSITY                    =      0.4570 VOL/VOL
            FIELD CAPACITY              =      0.1310 VOL/VOL
            WILTING POINT               =      0.0580 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1310 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E‐02 CM/SEC

 
                                    LAYER  6
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     66.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
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          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  3.%
                   AND A SLOPE LENGTH OF  130. FEET.

         SCS RUNOFF CURVE NUMBER             =     45.60
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      8.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.917  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      3.336  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.144  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     68.299  INCHES
         TOTAL INITIAL WATER                 =     68.299  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   WRANGELL              ALASKA            

              STATION LATITUDE                       =  56.35 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    160
              END OF GROWING SEASON (JULIAN DATE)    =    262
              EVAPORATIVE ZONE DEPTH                 =   8.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  10.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  80.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    OLYMPIA             WASHINGTON          

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
        8.01        6.13        6.09        4.94        4.79        4.29
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        5.36        6.99       11.49       13.91       10.01        9.20

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
       31.90       33.90       37.70       43.30       49.80       55.10
       57.80       57.40       52.20       44.90       37.00       33.10

          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              
                     AND STATION LATITUDE  =  56.35 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐
   PRECIPITATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 7.76     6.47     5.97     5.67     4.87     3.77
                            4.85     5.48    10.60    13.70     9.81     9.20
 
     STD. DEVIATIONS        2.35     2.09     2.07     1.67     2.59     1.87
                            4.22     3.37     5.90     5.29     3.73     2.50
 
   RUNOFF
   ‐‐‐‐‐‐
     TOTALS                 3.225    5.835    5.056    0.363    0.000    0.000
                            0.001    0.014    0.038    0.007    0.000    0.392
 
     STD. DEVIATIONS        3.490    3.765    3.513    0.955    0.000    0.000
                            0.004    0.072    0.170    0.036    0.001    1.044
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   EVAPOTRANSPIRATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.496    0.339    0.638    2.072    2.159    1.965
                            1.254    1.253    1.442    1.137    0.807    0.542
 
     STD. DEVIATIONS        0.229    0.165    0.491    0.479    0.719    0.816
                            0.815    0.475    0.406    0.186    0.150    0.176
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 3.3315   1.1363   2.4961   3.6734   2.9326   2.0729
                            3.5283   4.0203   8.7249  12.2210   8.4660   6.4722
 
     STD. DEVIATIONS        3.1655   2.0012   1.9269   1.5136   1.4755   1.4258
                            3.5342   2.2103   5.9497   5.0690   3.5137   3.1582
 
   PERCOLATION/LEAKAGE THROUGH LAYER  4
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  6
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0000   0.0001   0.0000   0.0000
 

 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0087   0.0089   0.0460   0.0218   0.0087   0.0077
                            0.0970   0.0885   0.4537   0.2809   0.1059   0.0549
 
     STD. DEVIATIONS        0.0086   0.0232   0.0302   0.0257   0.0096   0.0121
                            0.1827   0.1350   0.5307   0.3405   0.1874   0.1055
 
 *******************************************************************************
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 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                      INCHES            CU. FEET       PERCENT
                                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐
  PRECIPITATION                  88.17    (  13.166)     320045.0     100.00
 
  RUNOFF                         14.931   (  6.1267)      54197.98     16.934
 
  EVAPOTRANSPIRATION             14.104   (  2.0533)      51198.07     15.997
 
  LATERAL DRAINAGE COLLECTED     59.07545 ( 12.70274)    214443.891   67.00430
    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00002 (  0.00002)         0.078     0.00002
    LAYER  4
 
  AVERAGE HEAD ON TOP             0.099 (    0.065)
    OF LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00002 (  0.00009)         0.080     0.00002
    LAYER  6
 
  CHANGE IN WATER STORAGE         0.056   (  3.2149)        204.96      0.064
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                                 (INCHES)      (CU. FT.)
                                                ‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐
       PRECIPITATION                              8.90         32306.998
 
       RUNOFF                                     5.122        18591.4512
 
       DRAINAGE COLLECTED FROM LAYER  2           3.10202      11260.31540
 
       PERCOLATION/LEAKAGE THROUGH LAYER  4       0.000016         0.05746
 
       AVERAGE HEAD ON TOP OF LAYER  3           19.017
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       MAXIMUM HEAD ON TOP OF LAYER  3           23.293

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)               56.5 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  6       0.000043         0.15738
 
       SNOW WATER                                13.33         48399.1367
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4159
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0180
 

        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262‐270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                     LAYER        (INCHES)       (VOL/VOL)
                     ‐‐‐‐‐        ‐‐‐‐‐‐‐‐       ‐‐‐‐‐‐‐‐‐
                       1            2.9043         0.1210

                       2            0.0072         0.0361

                       3            0.0000         0.0000

                       4            0.1725         0.7500

                       5           62.8796         0.1310

                       6            2.1120         0.0320
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                   SNOW WATER       1.917
 
 ******************************************************************************
 ******************************************************************************
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� 

 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\WRANG2.D4                                      
 TEMPERATURE DATA FILE:      c:\wrang2.D7                                      
 SOLAR RADIATION DATA FILE:  c:\wrang2.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\wrang2.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\wrangss.D10                                    
 OUTPUT DATA FILE:           C:\wrangss.OUT                                    

 TIME:  10:48     DATE:   1/26/2017

 
 ******************************************************************************

      TITLE:  WRANGELL MONOFILL                                           

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY‐STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   1
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4170 VOL/VOL
            FIELD CAPACITY              =      0.0450 VOL/VOL
            WILTING POINT               =      0.0180 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1316 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E‐02 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    ‐‐‐‐‐‐‐‐

                        TYPE 2 ‐ LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.20   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0147 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =     33.00   PERCENT
            DRAINAGE LENGTH             =    120.0    FEET

 
                                    LAYER  3
                                    ‐‐‐‐‐‐‐‐

                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      4.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     
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                                    LAYER  4
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   5
            THICKNESS                   =    240.00   INCHES
            POROSITY                    =      0.4570 VOL/VOL
            FIELD CAPACITY              =      0.1310 VOL/VOL
            WILTING POINT               =      0.0580 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1310 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E‐02 CM/SEC

 
                                    LAYER  5
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     66.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0320 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF 33.%
                   AND A SLOPE LENGTH OF  120. FEET.

         SCS RUNOFF CURVE NUMBER             =     52.10
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      8.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.931  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      3.336  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.144  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     36.713  INCHES
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         TOTAL INITIAL WATER                 =     36.713  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   WRANGELL              ALASKA            

              STATION LATITUDE                       =  56.35 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    160
              END OF GROWING SEASON (JULIAN DATE)    =    262
              EVAPORATIVE ZONE DEPTH                 =   8.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  10.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  80.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    OLYMPIA             WASHINGTON          

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
        8.01        6.13        6.09        4.94        4.79        4.29
        5.36        6.99       11.49       13.91       10.01        9.20

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
       31.90       33.90       37.70       43.30       49.80       55.10
       57.80       57.40       52.20       44.90       37.00       33.10
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          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              
                     AND STATION LATITUDE  =  56.35 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐
   PRECIPITATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 7.76     6.47     5.97     5.67     4.87     3.77
                            4.85     5.48    10.60    13.70     9.81     9.20
 
     STD. DEVIATIONS        2.35     2.09     2.07     1.67     2.59     1.87
                            4.22     3.37     5.90     5.29     3.73     2.50
 
   RUNOFF
   ‐‐‐‐‐‐
     TOTALS                 3.225    5.838    5.066    0.364    0.000    0.000
                            0.004    0.033    0.090    0.028    0.006    0.394
 
     STD. DEVIATIONS        3.489    3.764    3.515    0.955    0.000    0.000
                            0.021    0.155    0.293    0.105    0.026    1.046
 
   EVAPOTRANSPIRATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.496    0.339    0.639    1.734    1.519    1.111
                            1.022    1.163    1.334    1.119    0.806    0.544
 
     STD. DEVIATIONS        0.230    0.165    0.459    0.531    0.761    0.659
                            0.800    0.487    0.384    0.221    0.157    0.177
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 3.3477   1.1343   2.3961   4.1977   3.5072   2.9623
                            3.6818   4.2361   8.7253  12.1109   8.4800   6.4554
 
     STD. DEVIATIONS        3.1808   1.9976   1.9541   1.3731   1.3790   1.4528
                            3.5018   2.3346   5.5414   5.0403   3.4720   3.1466
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   PERCOLATION/LEAKAGE THROUGH LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0001   0.0000   0.0000   0.0001   0.0001   0.0001
                            0.0001   0.0001   0.0001   0.0001   0.0001   0.0001
 
     STD. DEVIATIONS        0.0000   0.0000   0.0000   0.0000   0.0000   0.0000
                            0.0000   0.0000   0.0001   0.0000   0.0000   0.0000
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0001   0.0000   0.0000   0.0001   0.0001   0.0000
                            0.0001   0.0001   0.0001   0.0002   0.0001   0.0001
 
     STD. DEVIATIONS        0.0001   0.0001   0.0000   0.0001   0.0001   0.0001
                            0.0001   0.0001   0.0001   0.0001   0.0001   0.0001
 

 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0008   0.0003   0.0005   0.0010   0.0008   0.0007
                            0.0008   0.0010   0.0021   0.0028   0.0020   0.0015
 
     STD. DEVIATIONS        0.0007   0.0005   0.0004   0.0003   0.0003   0.0003
                            0.0008   0.0005   0.0013   0.0012   0.0008   0.0007
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                      INCHES            CU. FEET       PERCENT
                                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐
  PRECIPITATION                  88.17    (  13.166)     320045.0     100.00
 
  RUNOFF                         15.048   (  6.1271)      54624.41     17.068
 
  EVAPOTRANSPIRATION             11.827   (  1.8247)      42931.22     13.414
 
  LATERAL DRAINAGE COLLECTED     61.23490 ( 12.61073)    222282.687   69.45358
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    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.00085 (  0.00014)         3.071     0.00096
    LAYER  3
 
  AVERAGE HEAD ON TOP             0.001 (    0.000)
    OF LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.00084 (  0.00016)         3.062     0.00096
    LAYER  5
 
  CHANGE IN WATER STORAGE         0.056   (  3.2095)        203.62      0.064
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                                 (INCHES)      (CU. FT.)
                                                ‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐
       PRECIPITATION                              8.90         32306.998
 
       RUNOFF                                     5.122        18591.6934
 
       DRAINAGE COLLECTED FROM LAYER  2           6.41525      23287.34180
 
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.000045         0.16500
 
       AVERAGE HEAD ON TOP OF LAYER  3            0.046
 
       MAXIMUM HEAD ON TOP OF LAYER  3            0.082

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)                0.0 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000047         0.16886
 
       SNOW WATER                                13.33         48399.1367
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4158
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0180
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        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262‐270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                     LAYER        (INCHES)       (VOL/VOL)
                     ‐‐‐‐‐        ‐‐‐‐‐‐‐‐       ‐‐‐‐‐‐‐‐‐
                       1            2.9240         0.1218

                       2            0.0025         0.0125

                       3            0.0000         0.0000

                       4           31.4400         0.1310

                       5            2.1120         0.0320

                   SNOW WATER       1.917
 
 ******************************************************************************
 ******************************************************************************
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 ******************************************************************************
 ******************************************************************************
 **                                                                          **
 **                                                                          **
 **              HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE               **
 **                HELP MODEL VERSION 3.07  (1 NOVEMBER 1997)                **
 **                  DEVELOPED BY ENVIRONMENTAL LABORATORY                   **
 **                    USAE WATERWAYS EXPERIMENT STATION                     **
 **             FOR USEPA RISK REDUCTION ENGINEERING LABORATORY              **
 **                                                                          **
 **                                                                          **
 ******************************************************************************
 ******************************************************************************

 PRECIPITATION DATA FILE:    C:\WRANG2.D4                                      
 TEMPERATURE DATA FILE:      c:\wrang2.D7                                      
 SOLAR RADIATION DATA FILE:  c:\wrang2.D13                                     
 EVAPOTRANSPIRATION DATA:    C:\wrang2.D11                                     
 SOIL AND DESIGN DATA FILE:  C:\wrangtd.D10                                    
 OUTPUT DATA FILE:           C:\wrangtd.OUT                                    

 TIME:  10:44     DATE:   1/26/2017

 
 ******************************************************************************

      TITLE:  WRANGELL MONOFILL                                           

 ******************************************************************************

      NOTE:  INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
               COMPUTED AS NEARLY STEADY‐STATE VALUES BY THE PROGRAM.

 
                                    LAYER  1
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
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                          MATERIAL TEXTURE NUMBER   1
            THICKNESS                   =     24.00   INCHES
            POROSITY                    =      0.4170 VOL/VOL
            FIELD CAPACITY              =      0.0450 VOL/VOL
            WILTING POINT               =      0.0180 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1301 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.999999978000E‐02 CM/SEC
          NOTE:  SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY  3.00
                   FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

 
                                    LAYER  2
                                    ‐‐‐‐‐‐‐‐

                        TYPE 2 ‐ LATERAL DRAINAGE LAYER
                          MATERIAL TEXTURE NUMBER  20
            THICKNESS                   =      0.20   INCHES
            POROSITY                    =      0.8500 VOL/VOL
            FIELD CAPACITY              =      0.0100 VOL/VOL
            WILTING POINT               =      0.0050 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0589 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =   10.0000000000     CM/SEC
            SLOPE                       =      3.00   PERCENT
            DRAINAGE LENGTH             =    130.0    FEET

 
                                    LAYER  3
                                    ‐‐‐‐‐‐‐‐

                        TYPE 4 ‐ FLEXIBLE MEMBRANE LINER
                          MATERIAL TEXTURE NUMBER  35
            THICKNESS                   =      0.06   INCHES
            POROSITY                    =      0.0000 VOL/VOL
            FIELD CAPACITY              =      0.0000 VOL/VOL
            WILTING POINT               =      0.0000 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0000 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.199999996000E‐12 CM/SEC
            FML PINHOLE DENSITY         =      4.00   HOLES/ACRE
            FML INSTALLATION DEFECTS    =      1.00   HOLES/ACRE
            FML PLACEMENT QUALITY       =  3 ‐ GOOD     
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                                    LAYER  4
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER   5
            THICKNESS                   =    480.00   INCHES
            POROSITY                    =      0.4570 VOL/VOL
            FIELD CAPACITY              =      0.1310 VOL/VOL
            WILTING POINT               =      0.0580 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.1310 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.100000005000E‐02 CM/SEC

 
                                    LAYER  5
                                    ‐‐‐‐‐‐‐‐

                      TYPE 1 ‐ VERTICAL PERCOLATION LAYER
                          MATERIAL TEXTURE NUMBER  21
            THICKNESS                   =     66.00   INCHES
            POROSITY                    =      0.3970 VOL/VOL
            FIELD CAPACITY              =      0.0320 VOL/VOL
            WILTING POINT               =      0.0130 VOL/VOL
            INITIAL SOIL WATER CONTENT  =      0.0321 VOL/VOL
            EFFECTIVE SAT. HYD. COND.   =  0.300000012000     CM/SEC

 

                    GENERAL DESIGN AND EVAPORATIVE ZONE DATA
                    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
                   SOIL DATA BASE USING SOIL TEXTURE # 1 WITH A
                   FAIR STAND OF GRASS, A SURFACE SLOPE OF  3.%
                   AND A SLOPE LENGTH OF  130. FEET.

         SCS RUNOFF CURVE NUMBER             =     45.60
         FRACTION OF AREA ALLOWING RUNOFF    =    100.0    PERCENT
         AREA PROJECTED ON HORIZONTAL PLANE  =      1.000  ACRES
         EVAPORATIVE ZONE DEPTH              =      8.0    INCHES
         INITIAL WATER IN EVAPORATIVE ZONE   =      0.917  INCHES
         UPPER LIMIT OF EVAPORATIVE STORAGE  =      3.336  INCHES
         LOWER LIMIT OF EVAPORATIVE STORAGE  =      0.144  INCHES
         INITIAL SNOW WATER                  =      0.000  INCHES
         INITIAL WATER IN LAYER MATERIALS    =     68.140  INCHES
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         TOTAL INITIAL WATER                 =     68.140  INCHES
         TOTAL SUBSURFACE INFLOW             =      0.00   INCHES/YEAR

                     EVAPOTRANSPIRATION AND WEATHER DATA 
                     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

          NOTE:  EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
                   WRANGELL              ALASKA            

              STATION LATITUDE                       =  56.35 DEGREES
              MAXIMUM LEAF AREA INDEX                =   2.00
              START OF GROWING SEASON (JULIAN DATE)  =    160
              END OF GROWING SEASON (JULIAN DATE)    =    262
              EVAPORATIVE ZONE DEPTH                 =   8.0  INCHES
              AVERAGE ANNUAL WIND SPEED              =  10.60 MPH
              AVERAGE 1ST QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 2ND QUARTER RELATIVE HUMIDITY  =  76.00 %
              AVERAGE 3RD QUARTER RELATIVE HUMIDITY  =  80.00 %
              AVERAGE 4TH QUARTER RELATIVE HUMIDITY  =  80.00 %

          NOTE:  PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    OLYMPIA             WASHINGTON          

                   NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
        8.01        6.13        6.09        4.94        4.79        4.29
        5.36        6.99       11.49       13.91       10.01        9.20

          NOTE:  TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              

              NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

      JAN/JUL     FEB/AUG     MAR/SEP     APR/OCT     MAY/NOV     JUN/DEC
      ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐     ‐‐‐‐‐‐‐
       31.90       33.90       37.70       43.30       49.80       55.10
       57.80       57.40       52.20       44.90       37.00       33.10
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          NOTE:  SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
                   COEFFICIENTS FOR    ANNETTE             ALASKA              
                     AND STATION LATITUDE  =  56.35 DEGREES

 

 *******************************************************************************
 
          AVERAGE MONTHLY VALUES IN INCHES FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
                          JAN/JUL  FEB/AUG  MAR/SEP  APR/OCT  MAY/NOV  JUN/DEC
                          ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐
   PRECIPITATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 7.76     6.47     5.97     5.67     4.87     3.77
                            4.85     5.48    10.60    13.70     9.81     9.20
 
     STD. DEVIATIONS        2.35     2.09     2.07     1.67     2.59     1.87
                            4.22     3.37     5.90     5.29     3.73     2.50
 
   RUNOFF
   ‐‐‐‐‐‐
     TOTALS                 3.225    5.835    5.056    0.363    0.000    0.000
                            0.001    0.014    0.038    0.007    0.000    0.392
 
     STD. DEVIATIONS        3.490    3.765    3.513    0.955    0.000    0.000
                            0.004    0.072    0.170    0.036    0.001    1.044
 
   EVAPOTRANSPIRATION
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.496    0.339    0.638    2.072    2.159    1.965
                            1.254    1.253    1.442    1.137    0.807    0.542
 
     STD. DEVIATIONS        0.229    0.165    0.491    0.479    0.719    0.816
                            0.815    0.475    0.406    0.186    0.150    0.176
 
   LATERAL DRAINAGE COLLECTED FROM LAYER  2
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 3.3312   1.1361   2.4955   3.6729   2.9323   2.0726
                            3.5271   4.0194   8.7208  12.2173   8.4646   6.4713
 
     STD. DEVIATIONS        3.1652   2.0009   1.9267   1.5135   1.4753   1.4257
                            3.5326   2.2096   5.9451   5.0674   3.5125   3.1574
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   PERCOLATION/LEAKAGE THROUGH LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0003   0.0002   0.0006   0.0005   0.0003   0.0002
                            0.0011   0.0011   0.0045   0.0032   0.0014   0.0009
 
     STD. DEVIATIONS        0.0003   0.0003   0.0003   0.0003   0.0001   0.0002
                            0.0018   0.0013   0.0048   0.0031   0.0018   0.0011
 
   PERCOLATION/LEAKAGE THROUGH LAYER  5
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     TOTALS                 0.0009   0.0008   0.0009   0.0008   0.0009   0.0008
                            0.0009   0.0009   0.0008   0.0008   0.0008   0.0010
 
     STD. DEVIATIONS        0.0006   0.0006   0.0006   0.0005   0.0006   0.0005
                            0.0005   0.0005   0.0004   0.0005   0.0004   0.0006
 

 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

 
   DAILY AVERAGE HEAD ON TOP OF LAYER  3
   ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
     AVERAGES               0.0087   0.0089   0.0460   0.0218   0.0087   0.0077
                            0.0969   0.0884   0.4534   0.2799   0.1050   0.0549
 
     STD. DEVIATIONS        0.0086   0.0232   0.0302   0.0257   0.0096   0.0121
                            0.1826   0.1349   0.5301   0.3397   0.1854   0.1054
 
 *******************************************************************************

 *******************************************************************************
 
      AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS    1 THROUGH   30
 ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                      INCHES            CU. FEET       PERCENT
                                ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐
  PRECIPITATION                  88.17    (  13.166)     320045.0     100.00
 
  RUNOFF                         14.931   (  6.1267)      54197.98     16.934
 
  EVAPOTRANSPIRATION             14.104   (  2.0533)      51198.06     15.997
 
  LATERAL DRAINAGE COLLECTED     59.06112 ( 12.69758)    214391.844   66.98804
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    FROM LAYER  2
 
  PERCOLATION/LEAKAGE THROUGH     0.01437 (  0.00721)        52.152     0.01630
    LAYER  3
 
  AVERAGE HEAD ON TOP             0.098 (    0.065)
    OF LAYER  3
 
  PERCOLATION/LEAKAGE THROUGH     0.01031 (  0.00294)        37.434     0.01170
    LAYER  5
 
  CHANGE IN WATER STORAGE         0.061   (  3.2134)        219.68      0.069
 
 *******************************************************************************

� 
 ******************************************************************************
 
                 PEAK DAILY VALUES FOR YEARS    1 THROUGH   30
    ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                                                 (INCHES)      (CU. FT.)
                                                ‐‐‐‐‐‐‐‐‐‐   ‐‐‐‐‐‐‐‐‐‐‐‐‐
       PRECIPITATION                              8.90         32306.998
 
       RUNOFF                                     5.122        18591.4512
 
       DRAINAGE COLLECTED FROM LAYER  2           3.10136      11257.94820
 
       PERCOLATION/LEAKAGE THROUGH LAYER  3       0.005353        19.43092
 
       AVERAGE HEAD ON TOP OF LAYER  3           19.005
 
       MAXIMUM HEAD ON TOP OF LAYER  3           23.280

       LOCATION OF MAXIMUM HEAD IN LAYER  2
             (DISTANCE FROM DRAIN)               56.5 FEET
 
       PERCOLATION/LEAKAGE THROUGH LAYER  5       0.000095         0.34561
 
       SNOW WATER                                13.33         48399.1367
 

       MAXIMUM VEG. SOIL WATER (VOL/VOL)                  0.4159
 
       MINIMUM VEG. SOIL WATER (VOL/VOL)                  0.0180
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        ***  Maximum heads are computed using McEnroe's equations.  ***

             Reference:  Maximum Saturated Depth over Landfill Liner
                         by Bruce M. McEnroe, University of Kansas
                         ASCE Journal of Environmental Engineering
                         Vol. 119, No. 2, March 1993, pp. 262‐270.

 
 ******************************************************************************

� 
 ******************************************************************************
 
                    FINAL WATER STORAGE AT END OF YEAR   30
     ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                     LAYER        (INCHES)       (VOL/VOL)
                     ‐‐‐‐‐        ‐‐‐‐‐‐‐‐       ‐‐‐‐‐‐‐‐‐
                       1            2.9043         0.1210

                       2            0.0072         0.0361

                       3            0.0000         0.0000

                       4           62.8800         0.1310

                       5            2.2473         0.0341

                   SNOW WATER       1.917
 
 ******************************************************************************
 ******************************************************************************
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Photographic Documentation 

  1 1/31/17 

 

Photo 1: View of the inactive rock pit from Pat Creek road. 
Date:   11/30/2016 

 

 

Photo 2: View of the southern wall of the inactive rock pit. 
Date:   11/29/2016 

 



   
Photographic Documentation 

  2 1/31/17 

 

Photo 3: Rock core from 0.8 to 5.8 ft bgs of borehole P-01. 
Date:   11/29/2016 
 

 

Photo 4: Advancement of borehole MW-02 with hollow-stem augers. 
Date:  12/1/2016 
 



   
Photographic Documentation 

  3 1/31/17 

 

Photo 5: Installed security casing on MW-02. 
Date:  12/2/2016 
 

 

Photo 6: Surveying borehole MW-02. 
Date:  12/2/2016 
 



   
Photographic Documentation 

  4 1/31/17 

 
 

Photo 7: Observation of oil impacts in vicinity of MW-02 after installation of well. 
Date: 12/2/2016 
 

 
 

Photo 8: Initial readings of groundwater elevation in P-01 after development of well. 
Date:  12/3/2016 
 



   
Photographic Documentation 

  5 1/31/17 

 

Photo 9: View of Site looking toward Pat Creek Road prior to demobilization. 
Date:   12/3/2016 
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