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1.0 INTRODUCTION 
 
This report is prepared for LKA International, Inc. (LKA), in response to paragraphs 28 and 30 of 
Notice of Violation/Cease and Desist Order Number 10-170317-1 (NOV-CDO), which the 
Colorado Department of Public Health and Environmental (CDPHE) issued to LKA on March 29, 
2017, as amended by Amendment Number One of the NOV-CDO, dated May 1, 2017. 
 

1.1 Project Location 

The Golden Wonder Mine is an underground gold mine located at approximately 9,800 feet 
above MSL at Latitude 38.003361 North, Longitude 107.282854 West in Hinsdale County, 
Colorado. 
 

1.2 Existing Conditions 

The amount of groundwater day-lighting near the waste rock pile beneath the level 6 pad and 
from the level 6 portal of the Golden Wonder Mine has increased to a point where an existing 
limestone sump used to treat the water cannot effectively increase the pH of the drainage to an 
acceptable level.  Limestone boulders placed above the 24-inch HDPE bypass for Deadman 
Gulch drainage have become coated and are no longer effective in neutralizing acid in the 
water.  Exhibit 1 in Appendix A of this report describes the existing mitigation system 
components at the mine.  Figure 1 below presents an aerial image of the Level 6 pad for 
reference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Over the years, several materials have been used or proposed for use to mitigate acid levels 
and balance the pH values in the water.  Materials have included, soda ash, crushed limestone 
and zeolite minerals. We reviewed available mitigation data and proposed using steel slag from 
the Harsco Metals and Materials of Pueblo, Colorado to neutralize the acid in the water and 
provide effluent that meets the requirements of Colorado Discharge Permit System, Permit No. 
C00048119 (Discharge Permit). 

N 
Lower Sump Portal 

Deadman Gulch 

Figure 1. 
Aerial view of 
Golden 
Wonder Mine 
– Level 6 pad. 
Image from 
Google 
Earth© 
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In 2008 DOWL, as Buckhorn Geotech, assisted Black Creek Hydrology in the design and 
construction of a 24-inch HDPE bypass pipe to convey seasonal Deadman Gulch runoff flow 
past the Level 6 pad. The HDPE pipe was buried in a trench from the Level 6 pad elevation to 
the lower sump elevation and 18+ inch limestone boulders were placed on top of the buried pipe 
to created a treatment channel. The system was effective in neutralizing acid in the water and 
increasing the pH of effluent until the boulders became clogged with residue and the system 
became less effective. Crushed limestone placed in the lower sum also proved effective for 
several years until it too became clogged with residue. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. View of current mitigation at lower sump using crushed limestone in an EPDM lined 
sump with concrete headwalls and 0.5-foot H-flume (out of view to the right). Note 24-inch 
HDPE discharge pipe and wooden directional flume for Deadman Gulch bypass flow. Photo by 
Wayne Pandorf (DOWL) on August 5, 2016. 
  

1.3 Design Objectives 

Based on issues with achieving the effluent water quality requirements of the Discharge Permit, 
presented in Appendix B of this report, DOWL was engaged by LKA to provide mitigation 
alternatives to the current crushed limestone method.  Additionally, this report is intended to 
recommend improved sampling, monitoring and reporting equipment and techniques to monitor 
the treated effluent and provide data for required reporting to CDPHE.  
 

2.0 PROPOSED IMPROVEMENTS 
2.1 Design Criteria 

As a basis for designing new passive treatment, DOWL used flow data from project hydrologist 
Steve Belz of Black Creek Hydrology and chemical analysis of a steel slag treatment analyses 
performed by Liese Thompson of Enviro-Chem Analytical. Steve has measured seepage flows 
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for several years at the mine and that data is included in Appendix C of this report. A maximum 
flow of 5 gpm was used based on those flow records. Based on the information from Enviro-
Chem, we used a maximum retention time in the proposed slag material of 1 hour. Further 
exposure to the slag actually decreased the pH and, as noted in the Enviro-Chem Steel Slag 
Study in Appendix D, tended to increase the amount of leachate precipitated and which could 
potential clog the porous steel slag and reduce efficacy.  
 

2.2 Previous Studies 

The use of steel slag to provide neutralization was suggested by our review of successful 
laboratory testing performed by Ziemkiewicz and Skousen.  Additionally, we reviewed a 
separate study performed in Brazil that successfully neutralized acid mine drainage from a 
uranium mine using steel slag. Both studies are referenced in Section 5.0. Producers of steel 
slag, including TIMS and Harsco, have documented successful use of steel slag for treatment of 
acid mine drainage. Links to their websites are included in Section 5.0 
 
Benefits of steel slag versus limestone  include: 
 

• Slag does not clog or armor over with precipitate like limestone 
• Steel slag produces alkalinity concentrations that range from 1,000 to 4,000 mg/l versus 

concentrations of 80-100 mg/l for limestone 
• Slag does not tend to produce CO2 like limestone does, which reduces green-house gas 

emissions 
• Limestone is more expensive than slag which is a by-product of the steel making 

industry. 
• Using slag recycles a waste product instead of requiring extraction and reclamation of 

limestone mines. 
 

Observations of the armoring of limestone boulders with precipitate at the Golden Wonder Mine 
support the use of steel slag as an effective treatment alternative. Typical chemical composition 
of steel slag from TIMS is presented in Figure 3 below. 
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Figure 3. Typical chemical composition of steel slag from Tube City IMS (now TIMS). 
 

2.3 Options Analysis 

After initial review of the bench testing performed by Enviro-Chem, we examined several 
alternative filter arrangements with the proposed R-slag material to try and duplicate laboratory 
results in the system design. Options included: 
 

1. Trapezoidal horizontal Smart Trench® slag filter with downstream settling basin – This 
option is based on the proposed design in Ziemkiewicz’s study but would require too 
long a filter train at 1% grade to achieve exposure times similar to those recommended 
by Enviro-Chem in their analysis. Due to the ribbed nature of the Smart Trench® 
sections, we determined that rotation of the slag and cleaning of the precipitate would be 
difficult and time consuming. Option 1 was rejected for the reasons listed. 
 

2. Semi-circular horizontal Smart Trench® slag filer with downstream settling basin – This 
option was rejected for the same reasons as Option 1. We considered screens or grates 
at the bottom of both trapezoidal and semi-circular trench sections to retain slag above 
and precipitate below, but cleaning the sections would be, in our opinion, difficult and 
time consuming.  
 

3. Vertical, exchangeable slag filter – This option would provide treatment through the R-
slag filter media to simulate successful laboratory conditions. This option would allow for 
the use of multiple filters as needed, rapid replacement and ease of cleaning of the 
precipitate. Due to demonstrated efficacy, ease of media exchange and precipitate 
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cleaning and space constraints on the Level 6 pad, this option was selected for our 
design. More details are provided in Section 2.3 below and in the design plans 
presented in Appendix F of this report. 
 

2.4 Calculations 

Bench testing by Enviro-Chem used 500 ml of sample in a volume of approximately 170 cubic 
inches of steel slag. Flow rates for testing were approximately 0.15 gpm. Ideal residence time to 
achieve pH values between 6.5 and 9 as required by the Discharge Permit, was from 30 to 60 
minutes. Longer residence times increased pH beyond the upper allowable limit of 9.0. To 
determine an appropriate volume for steel slag filter design we calculated the following: 
 
  Design flow rate/lab flow rate = scaling factor Where: Lab flow rate = 0.15 gpm 
          Design flow rate = 5 gpm 
 Scaling factor = 33 
 
Required volume for filter = lab volume x scaling factor = 33 x 170 cubic inches = 5667 cu. in. 
 
Converting cu. in to cu. ft. = 5667/1728 = 3.27 cu. ft., there are 7.481 gallons/cu. ft., so a 30-
gallon container filled with steel slag would provide approximately 4 cubic feet of volume or one 
pass through the material for neutralization. To be conservative, we provided an outlet 6 inches 
below the top of the 30-gallon drum to prevent overflow which would provide approximately 25 
gallons or 3.3 cubic feet of slag which would equal one (1) pass through the material. The outlet 
is similar to the design in Ziemkiewicz’ study and allows precipitate to be conveyed to a 
downstream basin for settling and disposal. 
 

2.5 Steel Slag Filter Design 

As described in the options analysis in Section 2.1 in an inert 30-gallon HDPE transport drum 
and back up for a second pass to a 2-inch discharge outlet to either (a) a second slag filter if pH 
readings required it or (b) directly to a Smart Trench® HDPE settling basin prior to discharge to 
Deadman Gulch as before. The HDPE settling basin would have bulkheads at both ends to 
allow precipitate to settle out for cleaning. Based on proposed field pilot testing with an actual 
filter section, several filters could be placed in series to achieve desired water quality results as 
achieved in the bench testing. A slag filter could be maintained on stand-by at the mine site for 
rapid insertion into the 36-inch diameter corrugated metal pipe (CMP) filter housing. The “used” 
slag filter material could be laid out, air dried and re-used as determined by the mine operator.  
 
As detailed in the Enviro-Chem bench testing study, the proposed slag material is from Harsco 
in Pueblo, Colorado and is sold as “r-slag”, this steel slag material has been crushed and 
screened to provided slag that is from 3/8-inch to1/2-inch in nominal size. As noted in the 
references cited above and substantiated by Enviro-Chem’ s testing, pulverized slag clogs too 
quickly and rapidly produces pH values that are higher than 9 and therefore unacceptable. 
Larger slag has less surface area and requires longer detention times. 
 
Material specifications for all proposed equipment and materials for the proposed improvements 
are presented in Appendix E. of this report. 
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2.6 Treatment Process  

The description of proposed treatment process using the steel slag filters is: 
 
Groundwater day-lighting from the level 6 portal: 
 

1. The water is captured in a Dura® trench drain at the mouth of the portal and conveyed 
through a 2-inch PVC pipe to the in-ground slag filter. 
 

2. The water is distributed vertically into the slag using an 18-inch diameter circular 
manifold made of 2-inch diameter perforated HDPE or polyethylene piping attached to 
the 2-inch PVC inlet pipe. This allows the water to be evenly distributed to the slag to 
prevent short circuiting of the filter media. 
 

3. Treated effluent passes vertically downward through the material and eventually fills the 
HDPE drum to the outlet level where it exits the drum and flows either to a second filter 
arrangement or directly to the settlement basin. 
 

4. From the settlement basin, treated effluent is conveyed underground through a 2-inch 
PVC to the existing upper sump with a 6-inch distribution pipe to be conveyed to the 
surface of Deadman Gulch. There it will flow downslope over the existing limestone 
boulders to the lower sump where it will mix with treated effluent and distribution via the 
existing 0.5-foot H-flume back into Deadman Gulch. 

 
Sheet C-2 of the attached design plans provides hydraulic plan and profiles of this process 
description. 
 
Groundwater day-lighting near the waste rock pile beneath the level 6 pad: 
 

1. The small seep will be intercepted by the lower sump, treated and allowed to flow out of 
the H-flume after mixing with any seasonally available Deadman Gulch flow as well as 
the treated effluent from the upper sump. 
 

2. The water will be intercepted by a total of four 4-foot sections of Dura® drain and 
conveyed to a central Dura® catch basin. That catch basin will be tied in by a 3-inch 
PVC outlet pipe to a 4-inch perforated SDR 35 PVC manifold for even distribution into 
the slag contained in the sump. We estimate a total of 6 cubic yards of r-slag can be 
accommodated in the lower slump for treatment. The sump will continue to have an 
EPDM liner upstream of the concrete headwalls currently installed in this location. 
 

3. Sampling and monitoring of the treated effluent will continue to be done at the outlet of 
the H-flume. We propose to install an InSitu Aqua Troll® 600 and Level Troll® 500 at this 
location to monitoring flows, water elevation and water quality parameters as outlined in 
the Section 3.0 below.  

 
A detail of the proposed lower sump improvements is presented on Sheet C-3 of the design 
plans in Appendix F. 
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  Figure 4. Schematic detail of proposed slag filter. Additional details are provided in 
 Appendix F. 
 

3.0 SAMPLING AND MONITORING 
 
In order to achieve compliance with the monitoring and sampling required in the mine’s 
discharge permit, we propose to install water monitoring devices from InSitu at the current lower 
sump monitoring location. Those instruments are the: 
 

• AquaTroll® 600 Multiparameter Sonde and  
• Level Troll® 500 Data Logger 

 
The Aqua Troll will allow the mine owner/operator to continuously monitor and record the 
following parameters: 
 

• pH 
• Temperature 
• Conductivity 
• TSS 
• TDS 

• Salinity 
• Ammonia 
• Nitrate 
• Chloride 

 
The purpose of installing the Level Troll is to monitor and record water levels and flows to the 
accuracy required by the discharge permit. Data from both devices can be accessed via 
telemetry to cell phone or PC and will be used in completing the Discharge Monitoring reports 
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APPENDIX B 

CDPHE DISCHARGE PERMIT NO. CO-048119 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











































 

 

 

 

APPENDIX C 

FLOW RECORDS – BLACK CREEK HYDROLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GOLDEN WONDER MINE
LOWER SUMP FLOWS

AVERAGE FLOW  
(GPM)

PEAK DAY FLOW 
(GPM)

AVERAGE FLOW  
(GPM)

PEAK DAY FLOW 
(GPM)

2016

MAY 22.85 47.44 - -

JUNE 3.03 9.07 - -

JULY 0.36 25.02 0.37 0.46

AUGUST 0.66 47.44 0.45 2.40

SEPTEMBER 0.52 11.22 0.15 0.19

OCTOBER 0.12 0.17 0.13 0.17

NOVEMBER 0.06 0.06 0.06 0.06
2017

*MAY - - 11.98 11.98

*Single manual measurement taken 5/3/2017

Note: Flows represent total flow at the lower sump which includes seasonal Deadman Gulch 
flow as well as AMD. Manual measurement was time to fill a 1-gallon jug

SOLINST TRANSDUCER
MONTH

MANUAL MEASUREMENT



GOLDEN WONDER MINE
LOWER SUMP FLOWS

15869.97 32944.22

2103.272 6295.782

248.743 17374.87 257.0858 318.0418

461.4621 32944.22 309.5061 1666.645

359.3704 7791.615 104.6958 133.5342

86.80444 115.7393 88.10651 115.7393

43.40222 43.40222 43.40222 43.40222



Discharge Table
For

770.664.6513 (V)    770.664.6565 (F)
0.5' H Flume

Document:  H5-D-T     Rev.:  0     Date: 4-6-00     By: Matt Kazmier 

LEVEL FLOW
FEET INCHES CFS GPM MGD
0.01 0.12
0.02 0.24 0.0004 0.1795 0.0003
0.03 0.36 0.0009 0.4039 0.0006
0.04 0.48 0.0016 0.7181 0.0010
0.05 0.60 0.0024 1.077 0.0016
0.06 0.72 0.0035 1.571 0.0023
0.07 0.84 0.0047 2.109 0.0030
0.08 0.96 0.0063 2.827 0.0041
0.09 1.08 0.0080 3.590 0.0052
0.10 1.20 0.0101 4.533 0.0065
0.11 1.32 0.0122 5.475 0.0079
0.12 1.44 0.0146 6.552 0.0094
0.13 1.56 0.0173 7.764 0.0112
0.14 1.68 0.0202 9.066 0.0131
0.15 1.80 0.0233 10.46 0.0151
0.16 1.92 0.0267 11.98 0.0173
0.17 2.04 0.0304 13.64 0.0196
0.18 2.16 0.0343 15.39 0.0222
0.19 2.28 0.0385 17.28 0.0249
0.20 2.40 0.0431 19.34 0.0279
0.21 2.52 0.0479 21.50 0.0310
0.22 2.64 0.0530 23.79 0.0343
0.23 2.76 0.0585 26.25 0.0378
0.24 2.88 0.0643 28.86 0.0416
0.25 3.00 0.0704 31.60 0.0455
0.26 3.12 0.0767 34.42 0.0496
0.27 3.24 0.0834 37.43 0.0539
0.28 3.36 0.0905 40.62 0.0585
0.29 3.48 0.0979 43.94 0.0633
0.30 3.60 0.1057 47.44 0.0683
0.31 3.72 0.1139 51.12 0.0736
0.32 3.84 0.1224 54.93 0.0791
0.33 3.96 0.1314 58.97 0.0849
0.34 4.08 0.1407 63.15 0.0909
0.35 4.20 0.1505 67.54 0.0973
0.36 4.32 0.1607 72.12 0.1039
0.37 4.44 0.1713 76.88 0.1107
0.38 4.56 0.1823 81.82 0.1178
0.39 4.68 0.1938 86.98 0.1253
0.40 4.80 0.2050 92.00 0.1325
0.41 4.92 0.2170 97.39 0.1402
0.42 5.04 0.2300 103.2 0.1486
0.43 5.16 0.2440 109.5 0.1577
0.44 5.28 0.2570 115.3 0.1661
0.45 5.40 0.2710 121.6 0.1751
0.46 5.52 0.2850 127.9 0.1842
0.47 5.64 0.3000 134.6 0.1939
0.48 5.76 0.3150 141.4 0.2036
0.49 5.88 0.3310 148.6 0.2139

Source:  Field Manual for Research in Agricultural Hydrology, Handbook No. 224, United States Department of Agriculture, February, 1979, pp. 92.

INC.
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To: LKA International    Date: March 31, 2017 
      3724 47th St. CT      No: ECA/LKA 17-SLAG 
      N.W. 
     Gig Harbor, WA  98335 
 

 
    STEEL SLAG STUDY 
 
In October 2016, Enviro-Chem was retained by LKA Gold Incorporated (LKA) to do a 
comparative bench study of the effectiveness of three different Steel Slag products using Acid 
Mine Drainage (AMD for future reference) from LKA’s Golden Wonder mine (Golden Wonder 
or Mine) to determine whether this might be an effective material to neutralize the acid nature of 
the mine discharge water. 
 
Background Information on AMD water from the Golden Wonder Mine: 
 
Due to the lack of mining currently taking place at the Golden Wonder Mine, a new situation 
arose in 2016, wherein, a measurable increase in discharge water, directly from the mine, 
occurred. In past years, the discharge was mainly from a relatively small seep located at the toe 
of the mine waste dump and water within the mine was being reused in mining operations and 
not discharged. This increase in AMD highlighted significant problems with the passive water 
treatment currently in place. 
 
A limestone sump and weir had been created several years earlier and had proven effective in 
neutralizing the pH of the seep water, which was generated in smaller doses over the course of a 
year. With the increase in AMD water volume, this treatment methodology proved ineffective 
and other immediate solutions were sought. 
 
Limestone poses a problem in this type of passive treatment due to several factors. Firstly, 
limestone requires a significantly long exposure time to be fully effective. It also is subject to 
significant coating, rendering the unreacted portions of the material to become encapsulated and 
thereby, unavailable for reaction with the AMD water.  
 
Attempts were made to “regenerate” the limestone sump by agitating and turning the limestone 
material, however, this proved effective only in the short term. Due to the location of the mine 
and the lack of on-site personnel to continually monitor and “regenerate” the limestone, 
additional methods were sought. 
 
To help achieve good pH control, soda ash was utilized on the AMD water where it exits the             
mine. This proved to be highly successful in raising the pH of the water and dropping the metals 
of interest out as a precipitate. This method, however, required on-going attention and was very  
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subjective. During times of storm water events, the flow rate of water increased significantly, 
and additional soda ash was required to maintain an acceptable treatment strategy. Again, this 
method proved to be less passive than the mine site requires and additional treatment methods 
were researched. 
  
The use of Steel Slag was suggested by DOWL engineers who were retained by LKA to 
investigate possible solutions. After researching previous studies, Harsco Pueblo Slag Company 
was contacted by DOWL and three different materials were sent to the laboratory in November, 
2016. Ten gallons of discharge directly from the mine were also obtained in October 2016 for 
use in the resulting study. 
 
Initial lab testing was done on the procured mine water to set a baseline for the metal 
contamination present and to help validate whether or not the treatment materials were effective 
for this particular situation. The table below indicates the Total Metal concentrations that were 
identified in the Golden Wonder Discharge water – pre-treatment. 
 
Table 1: Golden Wonder Discharge Water – Pre-Treatment, Oct. 2016 
 
  Parameter  Value, up/L 
 
  pH   2.68 s.u. 
  Aluminum  1350 
  Arsenic  48 
  Cadmium  16.7 
  Chromium  <10 
  Copper   478 
  Iron   11200 
  Lead   39 
  Manganese  583 
  Mercury  1.3 
  Nickel   230 
  Selenium  14 
  Silver   <10 
  Zinc   656 
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The three sizes of slag used in the bench study are identified as follows: 
 
 

           
 
The is identified as the P-Slag, or pulverized. The slag was a powder with only a few particles    
>1/8” in diameter. Product did not float when water was added. 
 
 

         
 
This is identified as the R-Slag. It contains particles that range between 1/8” to 1/2” in diameter.  
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The third and final material is identified as the B-Slag. This material is characterized by particles 
between 1” and 4” in diameter. 
 
Initial lab testing was performed on each slag material with Mine water. 300 mL of AMD water 
was added to a 4” wide beaker containing 1” of each Slag material. Testing was done at 0, 1, 2, 
3, 4, 5, 10, and 15 minutes with the following results. Increments were then increased to 30, 45 
and finally 60 minutes’ contact time between slag and water. 
 
 
Table 2:  Initial Slag Testing on Golden Wonder AMD Water 
 
Time   P-Slag   R-Slag   B-Slag 
 
0 minutes  2.68   2.68   2.68 
1 minutes  2.89   2.72   2.69 
2 minutes  3.12   2.86   2.71 
3 minutes  3.55   2.99   2.76 
4 minutes  4.23   3.06   2.98 
5 minutes  5.75   3.30   3.11    
10 minutes  7.23   4.30   3.30  
15 minutes  9.12   5.30   4.40  
30 minutes  10.20   7.02   4.80 
45 minutes  11.70   7.66   5.41    
60 minutes  11.73   7.78   7.07 
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At this point, the P-Slag was removed from the study do to the lack of control over the pH. The 
target pH for treatment is between 6 and 9, with an optimal target of 7.5.  Given that within 10 
minutes of contacting the P-Slag the pH was already nearing this value, and an additional fifteen 
minutes of contact time resulted in a pH that is too high for the discharge permit, this material is 
not appropriate for the passive system design being considered. 
 
Next, a TCLP Metals test was run on both the R-Slag and the B-Slag material to ensure that the 
resulting leach water is suitable for discharge. The table below outlines the results of the TCLP 
Metals test. As can be seen, neither material contributed leachable metals that would result in a 
failed TCLP test. 
 
 
Table 3:  TCLP results of Slag Materials 
 
TCLP Metals  R-Slag, mg/L  B-Slag, mg/L  TCLP Limits, mg/L 
 
Arsenic  <0.005   <0.005   5.00 
Barium  0.022   0.012   100.0 
Cadmium  <0.005   <0.005   1.00 
Chromium  <0.05   <0.05   5.00 
Lead   0.067   0.043   5.00  
Mercury  <0.000025  <0.000025  0.200 
Selenium  0.026   0.017   1.00 
Silver   <0.010   <0.010   5.00 
 
 
Testing was then carried out on the R-Slag and the B-Slag as follows. 500 mL of Golden Wonder 
AMD water was used for each test and applied to a horizontal column of each slag material, 3” 
deep and 24” in length. No noticeable delay was observed in the ability of the water to move 
through the material. The total time required for the water to pass through the column of slag was 
less than 1 minute.  
 
Table 4 details the resulting pH readings after the Mine water completed one pass through the 
column of material. These slag columns retained no standing water, but a constantly moving 
flow of water. One pass consists of 500 mL of water being passed through the column. 
Subsequent passes were carried out with the same water. 
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Table 4:  Initial readings for 3” x 24” horizontal column, constant flow rate of 500 mL/< 1 
minute. 
 
# Passes  R-Slag, pH   B-Slag, pH 
 
0   2.68    2.68 
1   3.30    2.90 
2   3.70    3.10 
3   4.10    3.30 
4   4.50    3.50  
6   4.90    4.00  
7   5.30    4.40 
8   5.70    4.60 
9   6.30    4.80 
10   7.00    5.60 
 
 
Pictures of the slag material were taken after the water was passed through the material. A 
visible precipitate was seen forming in the water, however, the majority of it was carried away 
with the water. After the tenth pass, the water from the R-Slag was left to sit and settle for thirty 
minutes and most, if not all, of the precipitate settled to the bottom of the container. 
 

            
 
Wet R-Slag material, no obvious signs of  R-Slag material after air drying for 24 hours. 
precipitation forming on material.    
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R-Slag water after 10 passes through a 3” x 24” column. Precipitate layer on bottom of beaker, 
less than 1% by volume. Precipitate that accumulated in 30 minutes of standing at room 
temperature. 
 
A second study was conducted to determine the effect of the slag material on standing AMD 
water, in the event the water would become pooled while in contact with the material. As was 
previously demonstrated, the P-Slag continued to react with the water, beyond the treatment 
limits being sought after.  
 
Table 5 details the results of both the R-Slag and the B-Slag when left in contact with the AMD 
water for extended periods of time. 
 
 
Table 5:  Results of slag material in contact with LKA water over extended time 
 
Standing Time, hours  R-Slag, pH  B-Slag, pH 
 
O      2.68   2.68 
1     7.40   6.93 
24     9.40   9.20 
36     9.40   9.90 
48     10.7   11.0 
 
The above results indicate that a retention time longer than 1 hour would yield undesirable 
results for the leachate. A significant amount of precipitate did form in each container, as the 
pictures indicate. This precipitate did cement upon itself when exposed to the air for 24 hours, 
however, it did not appear to be cemented directly to the slag material 
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This is important when compared to the reaction that takes place with the limestone that has been 
used previously. The precipitates formed by the limestone adhere directly to the material, 
rendering it ineffective once the surface area is completely coated.  
 
Based upon these findings, a design that allows for clean pass through of the Mine AMD water, 
with a retention pond to allow for the precipitates to settle out, would be ideal.  
 
 

              
 
B-Slag when subjected to standing LKA        B-Slag when subjected to standing LKA water 
water, after 24 hours.      after one week. 
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R-Slag when subjected to standing LKA water,   Top view, showing water hardness coming out 
after 48 hours.                       and forming a salt precipitate on the surface of 
             the water.  
 
Notice, the precipitate is free floating around the material, not adhered to it. 
 
Based upon the above findings, the R-Slag was identified as the most viable material for the 
purposes of creating a passive treatment system at the Golden Wonder Mine. Further testing was 
done with this material to determine the length of time the material might be usable.  
 
Samples of Golden Wonder AMD water were passed through the original R-Slag 3” x 24” 
column over the course of three months. Observations were made as to the appearance of the 
slag material, with no obvious signs of deterioration or coating occurring on the material greater 
than what was originally observed after the first 24 hours. The slag material was allowed to dry 
out in between subsequent tests, and fresh Mine AMD water with a pH of 2.68 was used for each 
additional test. 
 
Each test day, three portions of 500 mL each were added to the column for a total of 10 passes. A 
total number of twenty-five days. These test days were spread out over the period of January 22, 
2017 to March 22, 2017.  
 
Table 6 details the resulting pH values seen on the LKA water over the course of the testing 
days. 
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Table 6:  R-Slag neutralization ability over time. Fresh LKA AMD water used for each test 
day and test run. 
 
Test Day, Total Volume of LKA Water used   R-Slag, pH 
 
0, 0 mL        2.68 
1, 1500 mL        7.22 
2, 3000 mL        7.22 
3, 4500 mL        7.34 
4, 6000 mL        7.20 
5, 7500 mL        7.10 
10, 15000 mL        7.14 
15, 22500 mL        7.22 
20, 30000 mL        7.08 
25, 37500 mL        7.04  
 
The testing was discontinued due to a lack of additional water. The mine is currently snowed in. 
After speaking with the mine operators, a real-life test is being planned for the Golden Wonder 
Mine as soon as the snow melts and discharge water becomes available.  
 
A design that includes a channel containing the R-Slag is suggested, with a concave 
configuration to force the discharge water to flow through the slag and not around the sides. The 
water leaching through the slag will then be directed to a holding area where the precipitates may 
settle out before the water is released and discharged from the outfall location.  
 
At this time, we believe this treatment method has definite viability and are ready to do a field 
trial study this coming Spring. The water will be monitored closely during this process and the 
results compiled into a report to validate that the passive treatment process does indeed work 
under the actual conditions found at the Mine.  
 
As a final validation, three samples of treated water were collected during the 25-day test run and 
analyzed for the original set of parameters, found in Table 1. These samples were collected on 
days 5, 15, and 25. The results are found in Table 7. 
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Table 7:  Post-treatment LKA Water samples. Treated with R-Slag 3” x 24” column with a 
flow rate of 500 mL/< 1 minute. 
 
Analyte Orig., ug/L  5-days, ug/L  15 days, ug/L  25 days, ug/L 
 
pH  2.68 s.u.  7.10 s.u.  7.22 s.u.  7.04 s.u. 
Aluminum 1350   42   40   46 
Arsenic 48   <1.0   <1.0   <1.0 
Cadmium 16.7   <0.30   <0.30   <0.30 
Chromium <10   <10   <10   <10 
Copper  478   32   29   33 
Iron  11200   126   118   139 
Lead  39   1.22   1.20   1.23 
Manganese 583   38   32   38 
Mercury 1.3   0.011   0.010   0.011 
Nickel  230   <10   <10   <10 
Selenium 14   2.43   2.44   2.43 
Silver  <10   <0.05   <0.05   <0.05 
Zinc  656   38   36   41 
 
The above results indicate adequate treatment and removal of acidity and metals is occurring at 
an acceptable rate. Testing during the field trial study will be used to determine possible length 
of time the slag material can be used before replacement is necessary. A combination of pH 
values and metals will be used for this purpose.  
 
This completes the report covering the last five months of bench studies involving the Steel Slag 
materials obtained from Harsco Pueblo Slag Company. As steel slag products vary greatly, this 
study is specific to the slag materials obtained from Harsco. In the event that slag material is 
obtained from another source, additional bench studies would be required to validate their 
effectiveness with Golden Wonder AMD water. This report has been submitted to DOWL 
engineers for analysis and treatment system design. 
 
Results submitted  
for Enviro-Chem Analytical, Inc. 
Liese K. Thompson 
Liese K. Thompson 
Lab Director 
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MATERIAL SPECIFICATIONS 

E.1 – STEEL SLAG 

E.2 – HDPE TRANSPORT DRUM 

E.3 – SMART DITCH® 

E.4 - DURA®TRANCH DRAIN 

E.5 – AQUA TROLL 600 AND LEVEL TROLL 500 
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Search site...

What is Steel Slag?
Steel slag is a co-product of steelmaking, with remarkable properties. In 
terms of mineral composition, it is a calcium silicate, which makes it suitable 
for many applications.

Slag is a co-product of 
steelmaking

Once it is cooled, weathered 
and crushed, it has 

remarkable properties

It can then be graded to 
different sizes to suit your 

application needs

Steel Making Co-Product

Did you know our Crushed Rock is a Green Mineral?
Steel slag is a calcium silicate which comes from a renewable source, making it the Green mineral 
alternative to quarried rock such as limestone.

Make an inquiry Contact us

Quick Links:

Our Materials
Aggregate materials for 
homeowners or Construction 
Pro's

Learn more

Where to Buy
Where to get Crushed Rock.

Find a location

Downloads
Further information about our 
materials

Learn more

View a video of a highway 
commissioner comparing Limestone 
and Steel slag for chip seal roads 

View chip and seal slag aggregate 
video

Talking Materials

Buy Crushed Rock
Crushed Rock in Blytheville AR
Crushed Rock in Pueblo CO
Crushed Rock in Pittsboro IN
Crushed Rock in Muscatine IA

Crushed Rock in Cofield NC
Crushed Rock in Koppel PA
Crushed Rock in Harrisburg PA

Crushed Rock in Sarver PA
Crushed Rock in Vineyard UT
Crushed Rock in Ontario Canada

Useful Links
Driveway Gravel Calculator
Crushed Rock Downloads
FAQs about Crushed Rock
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Frequently Asked Questions about Harsco Crushed Rock
If you don't find what you are looking for, why not contact our sales team.

What is Harsco Crushed Rock?

Harsco Crushed Rock is a steel slag aggregate which is hard, durable and drains well. Its cubical shape locks the 
aggregate together. Used as an alternative to limestone or gravel for driveways, landscaping back yards, chip and 
seal roads, parking lots, trench backfill, Riprap, culverts and more.

What is steel slag?

Steel slag is a co-product of steelmaking, with remarkable properties. In terms of mineral composition, it is a calcium 
silicate, which makes it suitable for many applications

How does it compare to limestone or gravel?

Steel slag is a good alternative to limestone or gravel, due to its natural strength and cubical interlocking shape. It is 
widely used as a fill material in unpaved areas such as driveways, walkways, low-spot repairs, livestock loafing 
areas, ditch back-fill and on-farm slag pads. Steel slag is often a darker grey color than limestone, but the color of 
steel slag varies from pale grey to dark greySeller

Where can I buy it?

We supply customers from 12 locations across North America. You can order material directly from your nearest 
location. We welcome commercial or residential customers. We can also arrange for delivery. Please contact your 
nearest site for further information. We accept payment by invoice, check or credit card.

Can steel slag be used for any application?
Steel Slag Aggregate is not recommended for use in contained applications, such as under concrete or asphalt or 
near natural bodies of water.  For details regarding Steel Slag Aggregate applications please contact your Harsco 
Sales Representative.

Our Materials
Aggregate materials for 
homeowners or Construction 
Pro's

Learn more

Where to Buy
Where to get Crushed Rock.

Find a location

Downloads
Further information about our 
materials

Learn more

Buy Crushed Rock
Crushed Rock in Blytheville AR
Crushed Rock in Pueblo CO
Crushed Rock in Pittsboro IN
Crushed Rock in Muscatine IA

Crushed Rock in Cofield NC
Crushed Rock in Koppel PA
Crushed Rock in Harrisburg PA

Crushed Rock in Sarver PA
Crushed Rock in Vineyard UT
Crushed Rock in Ontario Canada

Useful Links
Driveway Gravel Calculator
Crushed Rock Downloads
FAQs about Crushed Rock
Email Inquiry

Sitemap Cookies & Privacy Policy Terms & Conditions © 2017 Harsco Corporation

MATERIALS ABOUT US CONTACT US

FAQs about Harsco Crushed R... FAQs about Harsco Crushed R... Page 1 of 1
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Material Handling | Drums and Drum Handling Equipment | Barrels, Drums and Covers | Barrels and Drums
| 30 gal. Black Polyethylene Closed Head Transport Drum

 PRINT EMAIL

TM

How can we improve our Product Images?

Compare

List Price 
$125.35 / each

1 ADD TO CART

Auto-Reorder Every 1 Month 

Deliver one time only

+ Add to List

Be the first to write a review 

Shipping Weight 18.0 lbs.

Country of Origin USA  | Country of Origin is subject to change.

Note: Product availability is real-time updated and adjusted continuously. The product will be reserved for you when you complete 
your order. More

Drum Item Transport Drum

Drum Head Type Closed Head

Drum Volume Capacity 30 gal.

Primary Drum Material Polyethylene

UN Rating Liquid 1H1/Y1.9/150

Packing Group II and III of Hazardous Materials

Drum Color Black

Overall Height 33-7/8"

Outside Dia. 19-1/2"

Material Thickness .140"

Bung Hole Dia. 2" NPT x 2" Buttress Fittings

Load Capacity 474 lb.

Weight 18 lb.

For Use With Liquids

Lined/Unlined Unlined

Back to Product Family

GRAINGER APPROVED

30 gal. Black Polyethylene Closed Head Transport Drum
Item# 19H062 Mfr. Model# THO30BLK Catalog Page# 1180 UNSPSC# 24112109

TECHNICAL SPECS 

 Confirm ZIP Code to determine 
availability.

59101 SAVE

GRAINGER APPROVED 30 g... GRAINGER APPROVED 30 g... Page 1 of 3

5/5/2017https://www.grainger.com/product/GRAINGER-APPROVED-30-gal-Black-Polyethylene-1...
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The SmartDitch® System
Surface Water Runoff Solution to Protect 

Valuable Water & Land Resources
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SmartDitch® - Protect the Environment and Manage Toxic Water Runoff
Stormwater run off from mining and industrial operations is a big threat to land and water quality in both urban and rural areas. Mining
and industrial manufacturing activities produce toxic surface residues that can be found on rocks and sediment or on the paved
storage yards of factories, warehouses, scrap yards and transportation hubs. These residues often carry pollutants like heavy metals,
pesticides, sulfur and other chemicals. Left unmanaged, these residues can mix with stormwater and contaminants that can be harmful
to community stormwater sewer systems as well as the land, local rivers, lakes and coastal waters.

The SmartDitch system is an HDPE channel/ditch lining system that is ideal for permanent and temporary “no contact” water diversions,
mining drainage pathways, erosion/sediment control, and industrial site water run off and containment. Compared to traditional channel
lining methods, it offers superb corrosion resistance, is long lasting, light weight, less costly and easy to install and maintain.

The SmartDitch System is your common sense water run off
solution if your facility is involved with mining, manufacturing,
fabrication, salvage, hazardous waste treatment, storage or
disposal. 

SmartDitch MegaDitch proved to be the only sustainable solution
to channel the stormwater/snow melt run off and solve the
erosion issues at this mining operation.  

SmartDitch was the ideal channel design solution to protect the
land from chemical infiltration and direct the water and chemical
discharges to a containment area. 

www.smartditch.com866.576.2783

Chemical Resistance Chart – Common Substances 

Polyethylene HD Polyethylene
Chemical or Substance Material (73°F/23°C)1 (68°F/20°C)2

Alcohol, ethyl R S
Antifreeze agents, vehicle R
Bleaching solution, 12.5% active chlorine R
Bleaching solution, 5.5% active chlorine R
Brake fluid R
Diesel fuel R
Diesel fuel / oil R S
Ethane R
Fertilizer salts, aqueous R
Fuel oil R
Gasoline R to C L
Hydraulic fluid / oil R
Hydrogen peroxide, aqueous 10% - 90% R S
Jet fuels R
Mercury, liquid R S
Methanol, pure R S
Motor oil R S
Nitric acid, 0% - 30% R S
Nitric acid, >30% - 50% R to C L
Petroleum, sour, refined R
Sea water R S
Selenic acid R S
Sewage, residential R
Soap solutions, aqueous R S
Sulfuric acid, 70% - 90% R S
Two stroke engine oil R

R = Material is generally resistant (Specimen swells <3% or  has weight loss of <0.5%
and elongation at break is not significantly changed). 
C = Material has limited resistance only and may be suitable for some conditions
(Specimen swells 3% - 8% at weight and loss of 0.5% - 5%)
S= Satisfactory.  The chemical resistance of HD polyethylene exposed to the action of
a fluid is classified as “satisfactory” when the results of test are acknowledged to be
“satisfactory” by the majority of the countries participating in the evaluation.
L= Limited.  The chemical resistance of HD polyethylene exposed to the action of a
fluid is classified as “limited” when the results of test are acknowledged to be
“limited” by the majority of the countries participating in the evaluation.

1Information gathered from Chemical & Abrasion Resistance of Corrugated
Polyethylene Pipe, Corrugated Polyethylene Pipe Association. Though different in
physical design, SmartDitch maintains the same resin cell classification as the samples
in this report.  A more complete listing of polyethylene’s chemical resistance can be
obtained by contacting the Corrugated Polyethylene Pipe Association.
2Chemical Resistance Table Low Density and High Density Polyethylene. 
Summary of data given in a number of chemical resistance tables at present in use in
various countries, derived from both practical experience and test results.  ISO/TR
7472, 7474; Carlowitz: “Kunststofftabellen-3. Auflage”.
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Ultra	  High	  Molecular	  Weight	  PE	  Ditch	  Lining	  System
SmartDitch®	  is	  manufactured,	  by	  Penda	   Corpora9on,	   with	  ultra	   high	  molecular	  weight	  HDPE	  resin	  that	  provides	  excellent	  mechanical	  
proper9es.	  These	  proper9es	  are	  instrumental	  in	  providing	  a	   durable,	  flexible,	  thermoformed	  plas9c	  ditch-‐lining	  system.	  The	   following	  
table	  lists	  cri9cal	  tes9ng	  results	  on	  some	  of	  the	  more	  important	  design	  proper9es.	   	  Please	  contact	  your	  SmartDitch	  sales	  representa9ve	  
if	  addi9onal	  design	  data	  is	  required.

Property Test Method *Nominal 
Values 

(SI)

*Nominal
Values 

(English)

Density ASTM D1505 0.949 g/cm3 0.949 g/cm3

Melt Mass Flow Rate ASTM D1238 10 g/10 min 10 g/10 min

Environmental Stress Crack Resistance 
(ESCR)

Condition A (100% lgepal), F50 
Condition B (10% lgepal), F50

ASTM D1693A
ASTM D1693B    

600 hr
600 hr

600 hr
600 hr

Tensile Yield Strength  
2”/min,  51 mm/min

ASTM D638, 
Type IV

24.8 MPa 3600 psi

Tensile Elongation
2”/min.

ASTM D638, 
Type IV

600% 600%

Flexural Modulus (compression molded) ASTM D790 1170MPa 170,000

Brittleness Temperature ASTM D746 -90〬C <-130〬F

Tensile Impact Strength ASTM D1822 84.1 KJ/m2 40.2 ft-lb/in2

Coefficient of Linear Thermal Expansion ASTM D696 n/a 7 x 10-5

 in/in/〬F

Cell Classification ASTM D3350 445540 N/A

Penda Corporation, 2344 W. Wisconsin St., Portage, WI  53901  /  866-576-2783  /   www.smartditch.com

* Nominal values are intended to serve as a guide only, and not assumed as the specification limit. Some of the results are based on test 
specimens and may not reflect the ultimate performance of a full ditch lining system.

Engineering	  /	  Material	  	  Proper<es

http://www.smartditch.com
http://www.smartditch.com


	   	   	   	   	   	   	   	   	   	  

F low	  Calcu lat ions : 	  12” 	  &	  24” 	  Depth

For More Information:   www.smartditch.com  /  Hotline: 866 - 576 - 2783                     © 2013 Penda Corp.   02/13

!
ITEM DESCRIPTION 

!
ITEM # 

12" DEPTH 
TRAPEZOIDAL – IN 
(MM) 

24" DEPTH 
TRAPEZOIDAL – IN (MM) 

24" DEPTH 
SEMI-CIRCULAR – IN (MM) 

Channel top A 37.50 64.25 24.00 
width (952.50) (1632) (609.60) 

Channel height B 14.50 27.00 16.00 
(interior) (368.30) (685.80) (406.40) 

Minimum C 1.00 2.00 2.00 
freeboard (25.40) (50.80) (50.80) 

Maximum flow D 34.50 60.00 16.00 
area top width (876.30) (1524) (406.40) 

Maximum E 13.50 24.75 14.00 
flow depth (342.90) (629) (355.60) 

Bottom channel F 8.00 11.50 N/A 
width (interior) (203.20) (292) (Rounded Bottom) 

Top shoulder width G 4.50 5.25 5.00 
(w/out knuckle) (114.30) (133) (127.00) 

!

!

Where:

Q = Total Flow
N = Manning’s Coefficient of Friction (0.022) 
A = area (sf)
R = hydraulic radius (ft) [R = A / wetted 
perimeter] S = slope (%)

To calculate the hydraulic flow area & radius of 
each SmartDitch size, dimensions are 
provided below.

              FLOW CALCULATIONS

Flow rate calculations for the channel system 
are based on the standard hydraulic flow 
formula:

Q = (1.49/n) A R 2/3 S 1/2

!

http://www.smartditch.com
http://www.smartditch.com
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TECHNICAL
SPECIFICATION
GUIDE

NDS Customer Service
851 N. Harvard Ave, Lindsay, CA 93247
Phone: (800) 726-1994 • (559) 562-9888
Fax: (800) 726-1998 • (559) 562-4488
www.NDSPRO.com

DURA SLOPE™

4"  CONCRETE 
SLAB

3"  MIN.

3"  MIN.

2" MIN. 
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DURA SLOPE™

This information is relevant only to          the product(s) identified within this document and is not intended for use with any other
products. Please consult NDS Tech Services at (888) 825-4716 or e-mail TechService@NDSpro.net if you have any questions 

pertaining to specifications, installations, or recommended applications that are beyond the scope of this document.
BEFORE BEGINNING ANY PROJECT, CONSULT A CURRENT EDITION OF THESE SPECS AT: WWW.NDSPRO.COM
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DURA SLOPE™

Overview
NDS is the innovator of exterior surface drainage
products.  We offer a complete line of catch basins,
grates, sewer and drain fittings, and channel drains
such as the Dura Slope™ pre-sloped trench drain
system.  These products are used to collect excess
runoff water and dispense it into an underground
drainage pipe which then discharges water to street
curbs, storm water sewers, drainage ditches or other
runoff areas.  NDS drainage products can be tied to
an existing drain pipe or downspout connection
and are essential in maintaining healthy plant and
lawn life, as well as protecting man-made structures
from damage due to excess ground water.  Locating
low spots in landscaping, anticipating rainfall, and
keeping in mind that water flows downhill are the
keys to installing an effective drainage system.

Dura Slope™ is a high-quality structural foam poly-
ethylene trench drain system with a built-in slope.
The system has been specifically designed and man-
ufactured to ensure strength, structural integrity and
durability while incorporating excellent hydraulic
characteristics and chemical resistance.  Dura
Slope™ is an economical alternative to traditional
polymer concrete trench drain systems, while offer-
ing ease of installation.  The NDS Dura Slope™ is
the best choice for a variety of drainage solutions
including driveways, parking areas, warehouses,
loading docks, gas station entrances, and other
areas for the interception and collection of surface
run-off.

• Foundations • Tennis Courts • Swimming Pools • Driveways 
• Dog Kennels • Garages • Marinas • Saunas and Spas 

• Patios • Hot Tubs • Nurseries • Golf Courses • Gas Stations
• Loading Docks • Warehouses • Tracks 

...and much more!

103N  104 103 102 101100N100099098097N094N 097096095094093092091N091 099 098 097N 094N097 096 095 094 093 092 091N 091  090N090N
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Counter directional fall with neutrals

2 feet132 feet| | 132 feet| |
266 feet| |
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DURA SLOPE™

Product Specifications 
Specify Dura Slope™ is a high quality , dependable, and best-in-class trench 

drain system.

Material Manufactured from molded, structural foam HDPE with UV inhibitors.  

Channel Sizes 48” length, 6” width, 3.998” to 12.062” inner depth range 

Grate Sizes 24” length, 6” width

Grate Materials Stainless Steel, Galvanized Steel, Cast Iron, Ductile Iron, Plastic (struc-
tural foam polyolefin

Grate Colors/Finishes Metallic finishes, black, gray, white, green, sand, red

Load Class Class A = 1-160 psi.
Class B = 61-175 psi.
Class C = 176-325 psi.
Class D = 326-575 psi.
Loads are based on encasing product in concrete and grate selection. 

Strength Material shall withstand a compressive strength of 2900 psi.  
Material tensile stress shall be 4550 psi and material flexural strength
shall be 5800 psi.

Channel Weight Per Unit Ranges between 7.452 lbs. for shallow channel to 16.06 lbs for 
deep channel.

Grate Weight Per Unit Ranges between 2.92 lbs. for polyolefin to 16.0 lbs. for ductile iron.

Unique Product Features Lower installed cost than polymer concrete.  Fewer parts required.

Pre-Sloped Run Lengths 194 feet of continous slope
266 feet w/neutral sections added

Pipe Outlet Sizes 3’’, 4”, 6”, 8” Pipe.

Page 4
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Product Features
• Faster and easier to install.  

Low cost installation.

• Interlocking tongue and groove
joints to secure alignment and
ensure straight channel runs.

• DuraLoc™ integral joint lock
prevents joint movement during
installation.

• ProFit™ locking system locks
grate to integral frame and sup-
ports product in shipping and
installation.

• LeveLoc™ re-bar supports with
integral protruding knob levels
channel and grips rebar requir-
ing fewer accessories.

• Various grating options; ADA
compliant.  Stainless steel, galva-
nized, cast iron, and plastic
grates available.

• Decorative grates available in
five different designs: weave, tile,
brick, diamond, and slot.

• Blank grate inserts that elimi-
nates use of plywood.  Slides for
overlapping of channel sections,
and includes grate screws.

• Made of HDPE material for
high durability.  Durable, traffic
rated up to H20 rating.

• Dura Slope™ installs in a snap
without clamps or screws.

• Lower installed cost than 
polymer concrete.  Fewer parts
required.

• Light in weight, Dura Slope™
channels can be installed by 
one person.

• Counter directional fall up to
194 ft., up to 266 ft. with neu-
trals added.

• Bottom outlet on each channel
section.  System versatility that
requires fewer accessories.

• Universal catch basin.
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DURA SLOPE™

Material Composition
Dura Slope™ Pre-Sloped Trench Drain

Dura Slope™ shall be manufactured from molded,
structural foam polyethylene with UV inhibitors
and shall have a nominal outside top dimension of
6-5/8”(168.3mm). Trench drain shall have an inside
nominal flow path width of 4”(101.6mm), and shall
have a bottom radius of 2” (50.8mm) to facilitate
sediment removal. The system shall include neutral
and pre-sloped sections to provide variable trench
depth as required by site conditions. Pre-sloped sec-
tions shall have a slope of 0.7%. 

Dura Slope™ channel and grating shall be designed
to withstand loads up to Load class D (up to
575psi), when installed per the appropriate installa-
tion methods (see NDS installation instructions and
grating specifications included in the Dura Slope™
catalog). Channel grating shall be installed per man-
ufacturer load rating recommendations, and shall be
attached to the channel using stainless steel screws
with the manufacturer-supplied Pro Fit™ locking
system. The channel shall include LeveLoc™ inte-
gral re-bar supports located at 24” (60cm) intervals
along each side of the channel to provide height
adjustment using #4 re-bar (1/2”) during installa-
tion. The channel shall have tongue and groove
Dura Loc™ joints that ensure precise alignment
during installation with snap-lock mechanisms to
eliminate joint movement.

Molding Technique
Dura Slope™ is proudly manufactured in the U.S.A.
in Lindsay, California.  The channels are injection
molded to exacting specifications to an exact tem-
perature range that will not damage the molecular
chain of the polymer.  The use of high quality resins
coupled with computerized manufacturing tech-
nologies guarantees the Dura Slope™ channel drain
system will preserve in strength over time.

Testing Methods
The Dura Slope™ channel and grates undergo a
battery of tests with each production run, as is the
process with all of the products manufactured by
NDS.  All of the manufacturing tests are conducted
within the manufacturing cycle to assure a quality-
finished product.

Compression Tests
Compression tests are used to determine the load
strength of NDS channel drains.  Material absorp-
tion rate shall not exceed .01%.  Material shall with-
stand a compressive strength of 2900 psi.  Material
tensile stress shall be 4550 psi and material flexural
strength shall be 5800 psi.  The Dura Slope™
System has the ability to withstand freeze/thaw
cycles and provide chemical resistance, including
road salt.

Page 6
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DURA SLOPE™

DURA-SLO
PE

MADE IN
 U.S.A.

1-8
88-825-47

16

NDS # DSII-114

NDS Dura Slope™ is a 65⁄8” wide, 4-foot-long
trench drain system with a built-in slope of 0.7%.
Each channel section is molded of gray
structural foam polyethylene with UV inhibitors
and has a 4” inside diameter with a 2” radius
bottom.  The system consists of 4-foot channel
sections including 24 pre-sloped channel
sections and 9 neutral channel sections.  The
sloped channel sections enable the system to
extend to a length of 96 feet with a continuous
slope.

DURA SLOPE™

CHANNEL DRAINS

Part No. Description Wt. Ea. (lbs.)

DS-090N 3.99" Deep Neutral Dura Slope Channel 7.45
DS-091 3.99" to 4.34" Deep Dura Slope Channel 7.52
DS-091N 4.34" Deep Neutral Dura Slope Channel 7.81
DS-092 4.34" to 4.67" Deep Dura Slope Channel 7.92
DS-093 4.67" to 5.00" Deep Dura Slope Channel 8.27
DS-094 5.00" to 5.34" Deep Dura Slope Channel 8.64
DS-094N 5.34" Deep Dura Slope Channel 8.93
DS-095 5.34" to 5.68" Deep Dura Slope Channel 8.99
DS-096 5.68" to 6.01" Deep Dura Slope Channel 9.36
DS-097 6.01" to 6.35" Deep Dura Slope Channel 9.74
DS-097N 6.35" Deep Neutral Dura Slope Channel 10.04
DS-098 6.35" to 6.69" Deep Dura Slope Channel 10.11
DS-099 6.69" to 7.02" Deep Dura Slope Channel 10.48
DS-100 7.02" to 7.36" Deep Dura Slope Channel 10.86
DS-100N 7.36" Deep Neutral Dura Slope Channel 11.16
DS-101 7.36" to 7.69" Deep Dura Slope Channel 11.23
DS-102 7.69" to 8.03" Deep Dura Slope Channel 11.60
DS-103 8.03" to 8.37" Deep Dura Slope Channel 11.98
DS-103N 8.37" Deep Neutral Dura Slope Channel 12.27
DS-104 8.37" to 8.70" Deep Dura Slope Channel 12.34
DS-105 8.70" to 9.04" Deep Dura Slope Channel 12.71
DS-106 9.04" to 9.37" Deep Dura Slope Channel 13.07
DS-106N 9.37" Deep Neutral Dura Slope Channel 13.39
DS-107 9.37" to 9.70" Deep Dura Slope Channel 13.4
DS-108 9.70" to 10.05" Deep Dura Slope Channel 13.83
DS-109 10.05" to 10.38" Deep Dura Slope Channel 14.20
DS-109N 10.38" Deep Neutral Dura Slope Channel 14.50
DS-110 10.38" to 10.71" Deep Dura Slope Channel 14.57
DS-111 10.71" to 11.05" Deep Dura Slope Channel 14.95
DS-112 11.05" to 11.39" Deep Dura Slope Channel 15.32
DS-112N 11.39" Deep Neutral Dura Slope Channel 15.6
DS-113 11.39" to 11.72" Deep Dura Slope Channel 15.69
DS-114 11.72" to 12.06" Deep Dura Slope Channel 16.06

Note: All dimensions are nominal.  All weights are for shipping purposes only.  Availability is subject to change.

Flow Rate
GPM

Min. Inner
Depth

Max. Inner
Depth

Min. Outer
Depth

Max. Outer
Depth

75 3.998 3.998 5.354 5.760
75 3.998 3.998 5.690 5.770
89 4.334 4.334 5.692 6.103
89 4.334 4.670 6.062 6.106
103 4.670 5.006 6.362 6.442
117 5.006 5.342 6.698 6.778
131 5.342 5.342 6.700 7.111
131 5.342 5.678 7.034 7.114
145 5.678 6.014 7.370 7.450
159 6.014 6.350 7.706 7.786
173 6.350 6.350 7.708 8.119
173 6.350 6.686 8.042 8.122
187 6.686 7.022 8.378 8.458
201 7.022 7.358 8.714 8.794
215 7.358 7.358 8.716 9.127
215 7.358 7.694 9.050 9.130
229 7.694 8.030 9.386 9.466
243 8.030 8.366 9.722 9.802
257 8.366 8.366 9.724 10.135
257 8.366 8.702 10.058 10.138
271 8.702 9.038 10.394 10.474
285 9.038 9.374 10.730 10.810
299 9.374 9.374 10.732 11.143
299 9.374 9.710 11.066 11.146
313 9.710 10.046 11.402 11.482
327 10.046 10.382 11.738 11.818
341 10.382 10.382 11.740 12.151
341 10.382 10.718 12.074 12.154
355 10.718 11.054 12.410 12.490
368 11.054 11.390 12.746 12.826
382 11.390 11.390 12.785 13.158
382 11.390 11.726 13.082 13.162
396 11.726 12.062 13.418 13.498
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DURA SLOPE™

 

 

new new

DURA SLOPE™

GRATES

ADA Compliant
Use with Dura Slope Drains and Dura Slope Catch Basins

Part No. Description Color Pkg. Qty. Wt. Ea. (lbs.) Inflow Capacity (GPM) Specifications
660 2 ft. Channel Grate White 12 2.92 27

NDS #660, #661, #662, #663, #664, #665, 2 ft.
Structural Foam Polyolefin secured channel grate with
UV inhibitor. Open surface area of 20.61 square
inches per foot. 27.00 GPM per foot.

661 2 ft. Channel Grate Dark Gray 12 2.92 27
661LG 2 ft. Channel Grate Gray 12 2.92 27
662 2 ft. Channel Grate Green 12 2.92 27
663 2 ft. Channel Grate Black 12 2.92 27
664 2 ft. Channel Grate Sand 12 2.92 27
665 2 ft. Channel Grate Brick Red 12 2.92 27

DS-670
2 ft. Plastic Perforated
Channel Grate

Gray 12 3.0 11.3

NDS #DS-670, 2’ Structural Foam Polyolefin, secured
channel grate with UV inhibitors; light traffic rated,
heel-proof, ADA compliant.  Open surface area of
9.36 square inches per foot; 12.2 GPM per foot.

DS-226
2 ft. Stainless Steel 
Perforated Channel Grate

Steel 12 3.22 9.6 NDS #DS-226, Stainless Steel grate, light traffic
rated, heel-proof, ADA compliant. Open surface area
of 7.92 square inches per foot; 10.4 GPM per foot.DS-228

2 ft. Galvanized Steel
Perforated Channel Grate

Steel 12 3.22 9.6

DS-231
2 ft. Cast Iron 
Channel Grate

Black 1 15.00 22.6 #DS-231 2 ft. Heavy Duty Cast Iron Channel Grate. 
NDS #DS-232, 2 ft. Heavy Duty Ductile Iron Channel
Grate. Open surface area of 15.27 square inches per
foot; 20.00 GPM per foot.  H-20 Load Rating.DS-232

2 ft. Ductile Iron 
Channel Grate

Black 1 16.00 22.6

DS-221
2 ft. Galvanized Steel
Channel Grate

Steel 12 4.00 31.4
NDS #DS-221, 2 ft. Galvanized Rolled Steel Grate.
Open surface area of 19.85 square inches per foot;
26.00 GPM per foot.
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DURA SLOPE™

Part No. Description Color Pkg. Qty. Wt. Ea. (lbs.) Product Class
DS-200 Dura Slope™ Ductile Iron Frame Black 1-2 ft 7.50 25DS
Note: All dimensions are nominal. All weights are for shipping purposes only. Availability is subject to change.

Dura Slope™ Ductile Iron Frame
provides a Class D load rating
of 326-575 psi and is suitable
for heavy-duty hard tire equip-
ment at speeds less than 20
mph. The DS-200 Ductile Iron
Frame is recommended for use
with pneumatic tire traffic such
as fork lifts. The ductile iron
frame can be used with the cast
and ductile iron grates.

DURA SLOPE™

DUCTILE IRON FRAME

Page 10
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DURA SLOPE™

Part No. Description Color Pkg. Qty. Wt. Ea. (lbs.) Product Class

DS-340

Dura Slope™ In-Line Catch Basin

DS-340
Available for use of one or two outlets
Use #1242, #1243, #1245, #1266, #1206, or #1888
Universal Outlets

Gray 1 12.00 25DS

Note: All dimensions are nominal. All weights are for shipping purposes only. Availability is subject to change.

The NDS Dura Slope™ in-line catch basin
is designed to fit all depth ranges of the
Dura Slope™ trench drain sections. Catch
basin inlets are designed to be sized as
required to accept the Dura Slope™

trench drain section. The Dura Slope™

catch basin is 2 feet long and 2 feet
deep with an outlet on both sides of the
basin. One Universal Adapter Plug, one
blank grate insert and two grate screws
are included with each Dura Slope™

in-line catch basin. The NDS universal
basin outlets are used to adapt the catch
basin to 3”, 4”, 6” and 8” pipe.

DURA SLOPE™

CATCH BASIN
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DURA SLOPE™

Acetic Acid 25 - 180 A 73 C C C 180 C C
Acetic Acid 50 - 140 A 73 C C C 140 C C
Acetic Acid 80 - 100 B 73 C C C 100 C C
Acetone - - 73 C C A A A 130 C C
Aluminum Chloride Sat - 180 A 140 C C C 210 70 150
Aluminum Fluoride Sat - - B 73 C C C 210 180 -
Aluminum Sulfate Sat - 180 B 140 C C C 210 200 150
Ammonium Acetate Sat - 73 B 140 C - - 140 - -
Ammonium Chloride Sat - 180 A 140 C C C 210 180 A
Ammonium Hydroxide 10 - 180 B 225 C 210 70 A
Ammonium Sulfate - - 180 A 140 C B B 210 180 A
Amyl Alcohol - - 180 A 100 A B B 210 140 A
Barium Chloride Sat - 180 A 180 A B B 250 180 A
Barium Hydroxide Sat - 180 - 140 A B B 250 180 A
Benzene - - C C C A A A C C A
Benzoic Acid All - 140 A 140 C C C C C -
Borax Sat - 180 A 140 A A A 210 140 A
Boric Aid Sat - 180 A 140 B B C 210 140 A
Calcium Chloride - 100 180 A 140 B A A 210 100 A
Calcium Hydroxide - - 180 - 140 C C C 210 140 A
Carbon Tetrachloride - - C - 73 A C C C C A
Chlorine Gas (Dry)ppm <150 - C B 120 C B A C C B
Chlorine Gas (Wet) ppm >150 C C B 120 C C C C C B
Chlorinated Water ppm <3500 - - B 140 C - - B C B
Chlorinated Water  ppm >3500 - C B C C - - C C B
Chromic Acid 10 C 150 B 140 C C C 70 C B
Chromic Acid 30 C 150 B 140 C C C C C -
Chromic Acid 40 C 150 B 140 C C C C C -
Chromic Acid 50 C C B 75 C C C C C -
Citric Acid Sat - 180 A 140 C C C 210 70 A
Copper Chloride Sat - - - 140 C C C 210 180 150
Copper Cyanide - - - - 140 C C C 210 180 -
Copper Nitrate 30 - - - 140 C C C 210 B to 70 -
Copper Sulfate Sat - 120 A 140 C C C 210 180 150
Creosote - - - - 73 B A A C 73 B
Crude Oil - - - - 140 C C C C 70 -
Dibutyl Ether - - - - - - - - C C C
Diesel Fuel - - - - 140 A A A C 70 -
Ethyl Alcohol - - 180 - 140 A A A 170 180 A

NDS Chemical Resistance Guide
NDS Plastic Materials Metals Rating Flo Control Gaskets
@ max. Temp (0F) or Rating @ max. Temp (0F) or Rating

Chemicals % ABS Polyolefin Polystyrene PVC Brass Cast Iron Ductile Iron EPDM Buna-n Viton

Chemical Resistance
The following results were derived from testing using standard procedures including ASTM D543 “Standard
Test Method for Resistance of Plastics to Chemical Reagents.” Actual results will vary for different applications
depending on environmental conditions for each particular application and other modifying factors. The
 following table assumes ambient temperature of 75 degrees Fahrenheit.

The comparative information presented considers the environmental and stress-cracking tendencies of the
polymeric material. Sunlight can be destructive because of its ability to cleave main chain bonds of polymers.
When specifying plastic products for outdoor use, include the requirement for NDS products with ultra-violet
 stabilizers to protect against deterioration and  discoloration due to exposure to sunlight.
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DURA SLOPE™

Ethyl chloride Dry - 73 C C A A B to 70 C B
Ethylene Glycol - - 120 A 140 A A A 210 180 A
Ethyl Ether - - C - C - - - C C -
Fatty Acids - - 120 - 140 C C C C 140 -
Formic Acid - - 73 B 73 - C C 200 C C
Fructose - - - - 140 - A A 175 140 -
Gasoline(Leaded) - - C C C A A A C 70 A
Gasoline(Unleaded) - - C C C A A A C 70 A
Glycerine - - 180 A 140 A A A 200 70 A
Hydrolic Oil - - - - 73 - A A C C -
Hydrobromic Acid 20 - 120 - 140 C C C 140 C -
Hydrobromic Acid 50 - - - 140 C C C 140 C -
Hydrochloric Acid <25 - 150 B 140 C C C 150 C -
Hydrochloric Acid 37 - 150 B 140 C C C 150 C -
Hydrocyanic Acid 10 - 73 - 140 C C C 200 70 -
Hydrogen Peroxide 50 - 150 A 140 C C C 100 C A
Hydrogen Peroxide 90 - - A 140 C C C C C B
Inks - - - - - C C C - 70 -
Jp-4 Fuel - - - - C A A A C 70 A
Kerosene - C 73 C 140 A A A C 140 A
Lactic Acid 25 - 150 A 140 C C B 70 - A
Lactic Acid 80 - 150 A 73 C C B 70 C A
Lead Acetate Sat - 180 A 140 - C C 210 70 -
Linseed Oil - - 150 A 140 A A A B to 70 180 A
Magnesium Chloride Sat - 180 A 140 B C C 170 180 150
Magnesium Sulfate - - 180 A 140 A A A 175 180 150
Mercury - - 150 A 140 C A A 210 140 A
Mineral Oil - 70 120 - 140 A A A C 140 A
Naphtha - B to 70 73 C 140 - A A C 140 -
Nickel Sulfate Sat - 180 A 140 - C C 210 - 150
Nitric Acid <10 73 140 B 140 C C C 70 C B
Nitric Acid 30 C 73 B 140 C C C 70 C B
Nitric Acid 40 C C B 100 C C C C C B
Nitric Acid 50 C C B 100 C C C C C B
Nitric Acid 70 C C B 73 C C C C C B
Nitric Acid fuming C C C C C C C C C B
Nitrous Acid 10 - - - 73 C C C - C -
Oxalic Acid 50 - 180 A 140 - C C 150 C A
Phosphoric Acid 10 - 180 A 140 C C C 140 70 A
Phosphoric Acid 50 - 180 A 140 C C C 70 C A
Phosphoric Acid 85 - 180 A 140 C C C 70 C -
Phosphorus Trichloride - - - - C - - - - C -
Picric Acid 10 C 170 - 170 C C C 140 C -
Potassium Bicarbonate Sat - 170 - 140 - - - 170 70 -
Potassium Bromide - - 180 A 140 - C C 170 180 -
Potassium Carbonate - 70 140 A 280 B A A 170 180 -
Potassium Chlorate - - 180 A 140 - A A 140 B to 70 -
Potassium Chloride - - 180 A 140 A B B 210 180 A
Potassium Cyanide - - - - 140 C B B 140 180 A
Potassium Dichromate Sat - - B 140 - B B 170 180 -
Potassium Ferricyandide - - - - 140 - B B 140 70 -
Potassium Hypochlorite - C C - 140 - - - C C to 70 -
Potassium Iodide - - 73 - - - - - 140 100 -
Potassium Nitrate - - - A 140 B B B 210 180 -
Potassium Sulfate - - 180 A 140 B A A 210 140 A

NDS Plastic Materials Metals Rating Flo Control Gaskets
@ max. Temp (0F) or Rating @ max. Temp (0F) or Rating

Chemicals % ABS Polyolefin Polystyrene PVC Brass Cast Iron Ductile Iron EPDM Buna-n Viton

NDS Chemical Resistance Guide
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DURA SLOPE™

NDS Plastic Materials Metals Rating Flo Control Gaskets
@ max. Temp (0F) or Rating @ max. Temp (0F) or Rating

Chemicals % ABS Polyolefin Polystyrene PVC Brass Cast Iron Ductile Iron EPDM Buna-n Viton

Silver Cyanide - - - - 140 C C C 140 C -
Sodium Acetate Sat - 180 A 140 - B B 170 C -
Sodium Bicarbonate - 70 180 - 140 B A A 250 180 A
Sodium Borate Sat - 73 A - - B B 140 70 -
Sodium Bromide Sat - 180 A 140 - C C 210 70 -
Sodium Chloride - - 180 A 140 A B B 140 140 A
Sodium Fluoride - - 185 A 140 - C C 140 70 -
Sodium Hydroxide <10 140 180 A 140 - - - 180 140 A
Sodium Hydroxide 30 70 180 A 140 - - - 140 100 B
Sodium Hydroxide 50 70 180 A 140 - - - 140 C B
Sodium Hydroxide 70 C 180 A 140 - - - 70 C B
Sodium Nitrate Sat - 180 B 140 B A A 210 140 A
Sodium Peroxide - - - - 140 C C C 140 B to 70 A
Sour Crude Oil - - - - 140 - A A C C -
Stannic Chloride - - - - 140 C C C 100 140 A
Stannous Chloride 15 - - - 140 C C C 70 140 A
Stearic Acid - - 73 A 140 - - - C 140 A
Succinic Acid - - 150 - 140 - A A 70 70 -
Sugar - - - - 140 - - B 100 140 -
Sulfur - - C A 140 C B B - C B
Sulfur Chloride - - C - - C C C C 70 A
Sulfuric Acid to 30 100 180 A 140 C C C 140 C A
Sulfuric Acid 50 70 150 A 140 C C C 70 140 A
Sulfuric Acid 60 C 150 A 140 C C C C C A
Sulfuric Acid 70 C 120 A 140 C C C C C A
Sulfuric Acid 80 C 73 A 140 C C C C C A
Sulfuric Acid 90 C C B 100 C C C C C A
Sulfuric Acid 93 C C B 100 C C C C C A
Sulfuric Acid 94 C C B 100 C C C C C A
Sulfuric Acid 95 C C B 100 C C C C C A
Sulfuric Acid 96 C C B 100 C C C C C --
Sulfuric Acid 98 C C B C C C C C C -
Sulfuric Acid fuming C C B C C C C C C A
Sulfurous Acid Sat C 140 - 140 C C C 75 - A
Tannic Acid 10 C 180 A 140 B B C 70 100 A
Tartic Acid - - - A 150 C C C C 70 A
Titanium Tetrachloride - - - - C - - -- C - -
Trichloroacetic Acid - - 150 - 140 - C C 70 B to 70 -
Turpentine - - C C 140 A A A C 70 A
Vinegar - 73 180 A 140 C C C 180 C -
Xylene - C C C C A A A C C A
Zinc Chloride - - 180 A 140 -- C C 180 70 A
Zinc Sulfate - - 180 A 140 - C C 180 140 A

NDS Chemical Resistance Guide

Interpretation of Comparative Ratings as follows:
Temperatures are in 0F = Max. Temperature recommended

A  = Suitable for use
B to (Temp.) = Contact manufacturer 

C = Strongly affected, not recommended
Blank = No information is available

DISCLAIMER: Further Chemical Compatibility results can be looked up by NDS Technical Service by request: (888) 825-4716.
This guideline made by NDS is only meant to be used as a reference and does not carry any warranty. It’s recommended that you  
contact the manufacturer or supplier of these chemicals and follow handling instructions for all materials.
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Innovations in Water Monitoring

W W W . I N - S I T U . C O M

C A L L  O R  C L I C K  T O  P U R C H A S E  O R  R E N T
1-800-446-7488 (toll-free in U.S.A. and Canada)
1-970-498-1500 (U.S.A. and international)

Spec SheetSpec Sheet

Aqua TROLL® 600 Multiparameter Sonde
Reduce operational expenses with this customizable, powerful, and easy-to-use multiparameter sonde. The Aqua TROLL 600 combines unique 
industry-leading water quality technology, built-in LCD display, and revolutionary smartphone mobility.  Low power consumption and advanced 
antifouling for up to 9+ month deployment supports long-term installation in any application.  

The Aqua TROLL 600 water quality platform is rugged in groundwater and corrosion-resistant in surface water, delivering accurate, reliable 
data in an easy-to-use, flexible instrument that performs for years. Base sensor configuration includes EPA-approved optical dissolved oxygen, 
pH/ORP, turbidity, conductivity, temperature, and pressure. Integrate with In-Situ telemetry systems and HydroVu™ Data Services for real-time 
feedback on your remote monitoring sites.

Be Mobile
• Use the Aqua TROLL 600 anywhere: Titanium components and 

vented or non-vented options make it perfect for challenging   
environments and long-term deployments in fresh and salt water.
Every detail has been engineered to be easy, reliable, and cost-
effective. 

• Save time in the field: Intuitive software simplifies instrument 
configuration, data analysis, and reporting. No training required, 
and no waiting for sensor warm-up or set-up. 

• Streamline data management: Set up logs and manage data 
from the field using the VuSitu™ Mobile App. Consolidate all site              
information on your mobile device and tag sites with photos and 
GPS coordinates. Log data to your smartphone and download 
results in a standard file format for profiling, low-flow sampling, 
and more. 

Be In-Situ
• Receive 24/7 technical support and online resources.

• Order products and accessories from the In-Situ website.

• Get guaranteed 7-day service for maintenance (U.S.A. only).

Be Smart
• Status in an instant: LCD display gives you an instant 

visual indication of sensor status, data log, battery  
life, and overall functionality to give confidence during 
deployment. The onboard SD card allows for quick and 
easy data backup and transfer.

• No fuss antifouling: Antifouling to protect all sensors.  
The only multiparameter sonde to have a sub-2 inch active 
antifouling system with cleanable conductivity. 

• Get accurate results: Self-compensating tubidity/RDO/
level, smart diagnostics, and stable sensor technology 
provide minimal drift and increased accuracy with NIST-
traceable factory calibration report. Smart sensors store 
information internally, maintaining data and calibration 
within the sensor for traceable results.

Applications
• Lake, stream and wetland monitoring 
• Stormwater management
• Coastal deployments 
• Dam monitoring
• Low-flow groundwater sampling
• Remediation and mine water monitoring
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Aqua TROLL® 600 Multiparameter Sonde

General
Operating Temperature (non-
freezing)

-5 to 50° C (23 to 122° F) 
ISE: Ammonium & Nitrate 0 to 40° C ; Chloride 0 to 50° C

Reading Rates 1 reading every 2 seconds 1 parameter, no wiping

Storage Temperature Components w/o fluid: -40° C  to 65° C (non-freezing water); pH/ORP: -5° C 
to 65° C;  Ammonium/Nitrate: 0 to 40 ° C;  Chloride: 0 to 50° C

Data Logging 50 logs (defined, scheduled to run, or stored)

Dimensions 4.7 cm (1.85 in.) OD x  59.2 cm (23.3 in.) (includes connector)
With bail: 72.9 cm (28.7 in.) 

Logging Modes Linear, Linear Average, Event

Weight 1.45 kg / 3.2 lbs (includes all sensors, batteries, and bail) Logging Rate 1 minute to 99 hours

Wetted Materials PC, PC alloy, Delrin™, Santoprene™, Inconel™, Viton™, Titanium, Platinum, 
Ceramic, Nylon

Hex Screw Driver 0.050, 1.3 mm

Environmental Rating IP68 with all sensors and cable attached
IP67 without the sensors, battery cover or cable attached

Communication Device TROLL Com or Wireless TROLL Com

Max Pressure Rating Up to 350 PSI Cable Options Vented or non-vented polyurethane or vented Tefzel®

Output Options RS-485/MODBUS, SDI-12, Bluetooth® LCD Display Integrated display shows status of sonde, sensor ports, data log, battery and connectivity.

Internal Memory1  
Micro SD Card 2

16 MB; 8+ GB micro SD card included, user replaceable Software Android™: VuSitu through Google Play™, Windows®: Win-Situ 5, Data Services: HydroVu

Internal Power
Battery Life 3

2 internal user-replaceable Alkaline D batteries
>6 months typical with wiping 
>9 months typical with no wiping

Interface Android 4.4, requires Bluetooth 2.0; Win-Situ 5 Software

External Power Voltage 

External Power Current 4

8-36 VDC (not required for normal operation)
Sleep: 0.10 mA typical
Measurement: 16 mA typical, 45 mA max

Certifications CE, FCC, WEEE, RoHS Compliant

Standard Sensors Accuracy Range Resolution/Precision Response Time Units of Measure Method

Temperature 5 ± 0.1º C -5 to 50º C (23 to 122º F) 0.01º C T63<2s,  T90<15s,  T95<30s Celsius or Fahrenheit EPA 170.1

Barometric Pressure ± 1.0 mbars 300  to 1,100 mbar 0.1 mbar T63<1s,  T90<1s,  T95<1s Pressure: psi, kPa, bar, mbar, 
inHg, mmHg

Silicon strain gauge

pH 6 ±0.1 pH unit or better  0 to 14 pH units 0.01 pH T63<3s,  T90<15s,  T95<30s pH, mV Std. Methods 4500-H+/ 
EPA 150.2

ORP 7 ±5 mV ±1,400 mV 0.1 mV T63<3s,  T90<15s,  T95<30s mV Std. Methods 2580

Conductivity 8 +/-0.5%  of reading plus 1 µS/
cm from 0 to 100,000 µS/cm; +/-
1.0% of reading from 100,000 to 
200,000 µS/cm

0 to 350,000 µS/cm 0.1 µS/cm T63<1s,  T90<3s,  T95<5s Actual conductivity (μS/cm, mS/
cm); Specific  
conductivity (μS/cm, mS/cm); 
Salinity (PSU); Total dissolved 
solids (ppt, ppm); Resistivity 
(Ohms-cm); Density (g/cm3)

Std. Methods 2510/ 
EPA 120.1

TDS (derived from conductivity 
and temp)

- 0 to 350 ppt 0.1 ppt - ppt, ppm -

Salinity (derived from  
conductivity and temp)

- 0 to 350 PSU 0.1 PSU - PSU, ppt Std. Methods 2520A

Rugged Dissolved  
Oxygen (RDO) with RDO-X 9

±0.1 mg/L
±0.2 mg/L
±10% of reading

0 to 8 mg/L
8 to 20 mg/L
20 to 50 mg/L

 0.01 mg/L T63<15s,  T90<45s,  T95<60s mg/L, % saturation, ppm EPA-approved In-Situ 
Methods: 1002-8-2009, 
1003-8-2009, 1004-
8-2009

Turbidity ±2% of reading or ±2 NTU, FNU, 
whichever is greater

 0 to 4,000 NTU 0.01 NTU (0 to 1,000); 0.1 NTU 
(1,000 to 4,000)

T63<1s,  T90<1s,  T95<1s NTU, FNU ISO 7027

TSS (derived from turbidity) 10 - 0 to 1,500 mg/L 0.1 mg/L - ppt, mg/L -

Ammonium (NH4+ - N)11,12 

Rated to 25m depth

Unionized Ammonia,  
Total Ammonia (derived from 
Ammonium & pH sensor)

±10% or ±2 mg/L w.i.g. 0 to 10,000 mg/L as N 0.01 mg/L T63<1s,  T90<10s,  T95<30s mg/L, ppm, mV -

0 to 10,000 mg/L as N 0.01 mg/L - mg/L, ppm -

Nitrate (NO3- - N) 11  

Rated to 25m depth
±10% or ±2 mg/L w.i.g. 0 to 40,000 mg/L as N 0.01 mg/L T63<1s,  T90<1s,  T95<1s mg/L, ppm, mV Std. Methods 4500 NO3 D

Chloride (Cl) 11 ±10% or ±2 mg/L w.i.g. 0 to 150,000 mg/L as Cl 0.01 mg/L T63<1s,  T90<10s,  T95<30s mg/L, ppm, mV Std. Methods 4500 Cl- D

Pressure 13

(Optional)
±0.1% full scale (FS) Non-Vented or Vented

9.0 m (30ft) (Burst: 27 m; 90 ft)
30 m (100 ft) (Burst: 40 m; 130 ft)
76 m (250 ft) (Burst: 107 m; 350 ft)
200 m (650 ft) (Burst: 229 m; 750 ft)

0.01% full scale T63<1s,  T90<1s,  T95<1s Pressure: psi, kPa, bar, mbar, 
inHg, mmHg
Level: in, ft, mm, cm, m, cmH20, 
inH2O

Piezoresistive;  Ceramic

Warranty 14 2 year - Sonde, RDO and sensor cap, temperature/conductivity, temperature only, turbidity (excluding pH/ORP)
1 year - pH/ORP, accessories
90 days - ISE Sensors; Other: see warranty policy (www.in-situ.com/warranty)

Notes 
 
 
Specifications are subject to 
change without notice.

1) For 30 parameters >100,000 data records, > 3 years at 15 min. interval. A single data record includes timestamp, temperature, RDO, pH, ORP, turbidity and conductivity logged in Linear or Linear Average mode. 
2) Log data recorded to SD card in comma delimited variable (CSV) file format. Greater than 32 GB not supported. 3) Logging all sensors at 15 min interval on 2 D Alkaline batteries. Battery life dependent on 
site conditions and wiping. 4) Dependent on display and wiping. 5) Sensor only, when transferring from air to ambient water temperature.  Typical system response time with all sensors and restrictor: T63<30s, 
T90<3.5m, T95<7.5m. 6) Response time at thermal equilibrium. 7) Accuracy from calibration standard @ 25C, response-at thermal equilibrium immediately following calibration measuring from air to +400 
mV. 8) Accuracy at calibration points. 9) RDO sensor full range 0-50mg/L, 0-500% sat. EPA-approved under the Alternate Test Procedure process. 10) User-defined reference. 11.) Between 2 calibration points im-
mediately following proper conditioning and calibration. Varies on site conditions and environmental interferents. See sensor summary sheet for potential interferences. 12.) Average response; can be longer with 
increasing concentrations of ammonium. 13) Typical performance across full temperature and pressure calibrated range. 14) Extended warranty option for sonde only (1 to 3 year extension for up to 5 years total).

EPA-Approved  
RDO Method
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Level TROLL® 400, 500 & 700 Data Loggers
Get water level data the way you want it, when you want it with industry-leading water level/pressure and temperature data 
loggers.  By partnering with In-Situ, you receive durable Level TROLL® Data Loggers that provide years of service, accurate results, 
intuitive  software, and real-time functionality. 

Be Effective
•	 Increase productivity: Reduce	training	and	installation	time

with	In-Situ	intuitive	software	platform	and	integrated	
components.	Patented	twist-lock		connectors,	included	on	Level
TROLL	Loggers	and	RuggedCable®	Systems,	ensure	error-free	
deployments.

•	 Streamline analysis and reporting:	Automate	water	level
corrections	and	post-processing,	graph	data,	and	accelerate	report
generation	with	Win-Situ®	Software.	Easily	export	data	to	Excel,®	
a	web-based	management	service,	or	data	analysis	software.

•	 Set up real-time networks:	Access	data	24/7	and	receive	event	
notifications	when	you	connect	data	loggers	to	Tube	and	Cube	
systems,	radios,	or	other	third-party	data	collection	platforms.	
Get	decision	quality	data	when,	where,	and	how	you	need	it	with
HydroVu	Data	Services.	Control	gates,	pumps,	alarms,	and	other	
equipment	by	using	built-in	Modbus/RS485,	SDI-12,	or	4-20	mA	
communication	protocols.

Be In-Situ
•	 Receive	free,	24/7	technical	support	and	online	resources.

•	 Order	data	loggers	and	accessories	from	the	In-Situ	website.

•	 Get	guaranteed	7-day	service	for	maintenance	(U.S.A.	only).

Be Reliable
•	 Deploy in all environments:	Install	loggers	in	fresh	water,

saltwater,	and	contaminated	waters.	Solid	titanium	and	sealed
construction	outperforms	and	outlasts	coated	
data	loggers.

•	 Log accurate data: Get	optimal	accuracy	under	all	operating
conditions.	Sensors	undergo	NIST®-traceable	factory	calibration	
across	the	full	pressure	and	temperature	range.	For	applications
requiring	the	highest	levels	of	accuracy,	use	a	vented	
(gauged)	system.	

•	 Get long-lasting operation: Reduce	trips	to	the	field	with
low-power	loggers	that	typically	operate	for	10	years.

Applications
• Aquifer characterization: slug tests & pumping tests
• Coastal: tide/harbor levels & wetland/estuary research
• Hydrologic events: crest stage gages, storm surge 

monitoring, & flood control systems
• Long-term, real-time groundwater & surface water 

monitoring
• Mining & remediation
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Level TROLL® 400, 500 & 700 Data Loggers

Every Application & 
Budget
Use	maintenance-free,	
non-vented	systems	for	
long-term		monitoring	
and	at	flood-prone	or		
high-humidity	
sites.	Pair	with	
Tube	and	Cube
Telemtry	System	
and	HydroVu	for																	
automtatic	barometric																			
compensation.

Use	high-accuracy,	
vented	systems	to	
conduct	aquifer		
tests	and	to	view					
barometrically		
compensated	water	
level	data	in	real	time.

Forgot	to	set	a	level	
reference	at	the		
beginning	of	a	
deployment?															
Automate	level											
corrections	by	using	
Win-Situ	Software’s	
post-level		correction	
Wizard.

BaroTROLL® Data 
Logger
When	using	a	non-
vented	system,	collect								
barometric	pressure	
and	temperature	
data	with	a	titanium	
BaroTROLL	Data	Logger	
in	order	to	post	correct	
data	for	barometric	
pressure	fluctuations.

Calculating	
barometric	
efficiency?	Use	
the	BaroTROLL	
Logger	with	
vented	systems.

General Level TROLL 400 Level TROLL 500 Level TROLL 700 Level BaroTROLL

Temperature ranges 1 Operational: -20-80° C (-4-176° F) 
Storage: -40-80° C (-40-176° F) 
Calibrated: -5-50° C (23-122° F)

Operational: -20-80° C (-4-176° F) 
Storage: -40-80° C (-40-176° F) 
Calibrated: -5-50° C (23-122° F)

Operational: -20-80° C (-4-176° F) 
Storage: -40-80° C (-40-176° F) 
Calibrated: -5-50° C (23-122° F)

Operational: -20-80° C (-4- 176° F)  
Storage: -40-80° C (-40-176° F) 
Calibrated: -5-50° C (23-122° F)

Diameter 1.83 cm (0.72 in.) 1.83 cm (0.72 in.) 1.83 cm (0.72 in.) 1.83 cm (0.72 in.)

Length 21.6 cm (8.5 in.) 21.6 cm (8.5 in.) 21.6 cm (8.5 in.) 21.6 cm (8.5 in.)

Weight 197 g (0.43 lb) 197 g (0.43 lb) 197 g (0.43 lb) 197 g (0.43 lb)

Materials Titanium body; Delrin® nose cone Titanium body; Delrin nose cone Titanium body; Delrin nose cone Titanium body; Delrin nose cone

Output options Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA Modbus/RS485, SDI-12, 4-20 mA

Battery type & life 2 3.6V lithium; 10 years or 2M 
readings

3.6V lithium; 10 years or 2M 
readings

3.6V lithium; 10 years or 2M 
readings

3.6V lithium; 10 years or 2M 
readings

External power 8-36 VDC 8-36 VDC 8-36 VDC 8-36 VDC

Memory

Data records 3 
Data logs

2.0 MB

 130,000  
50 logs

2.0 MB

 130,000  
50 logs

4.0 MB

 260,000 
50 logs

1.0 MB

 65,000 
2 logs

Fastest logging rate 2 per second 2 per second 4 per second 1 per minute

Fastest output rate Modbus: 2 per second  
SDI-12 & 4-20 mA: 1 per second

Modbus: 2 per second  
SDI-12 & 4-20 mA: 1 per second

Modbus: 2 per second  
SDI-12 & 4-20 mA: 1 per second

Modbus: 2 per second  
SDI-12 & 4-20 mA: 1 per second

Log types Linear, Fast Linear, and Event Linear, Fast Linear, and Event Linear, Fast Linear, Linear  
Average, Event, Step Linear,  
True Logarithmic

Linear

Sensor Type/Material Piezoresistive; titanium Piezoresistive; titanium Piezoresistive; titanium Piezoresistive; titanium

Range Absolute (non-vented) 
30 psia: 11 m (35 ft)  
100 psia: 60 m (197 ft)  
300 psia: 200 m (658 ft)  
500 psia: 341 m (1120 ft)

Gauged (vented)  
5 psig: 3.5 m (11.5 ft)  
15 psig: 11 m (35 ft)  
30 psig: 21 m (69 ft)  
100 psig: 70 m (231 ft)  
300 psig: 210 m (692 ft)  
500 psig: 351 m (1153 ft)

Absolute (non-vented)  
30 psia: 11 m (35 ft)  
100 psia: 60 m (197 ft)  
300 psia: 200 m (658 ft)  
500 psia: 341 m (1120 ft)  
1000 psia: 693 m (2273 ft)

Gauged (vented)  
5 psig: 3.5 m (11.5 ft)  
15 psig: 11 m (35 ft)  
30 psig: 21 m (69 ft)  
100 psig: 70 m (231 ft)  
300 psig: 210 m (692 ft)  
500 psig: 351 m (1153 ft)

30 psia (usable up to 16.5 psi; 
1.14 bar)

Accuracy 4 ±0.05% full scale (FS)  at 15º C
±0.1% FS at 0 to 50º C

±0.05% FS at 15º C  
±0.1% FS at 0 to 50º C

±0.05% FS at 15º C 
±0.1% FS at 0 to 50º C 

±0.05% FS at 15º C  
±0.1% FS at 0 to 50º C

Resolution ±0.005% FS or better ±0.005% FS or better ±0.005% FS or better ±0.005% FS or better

Units of measure Pressure: psi, kPa, bar, mbar, 
mmHg, inHg, cmH2O, inH2O  
Level: in., ft, mm, cm, m

Pressure: psi, kPa, bar, mbar, 
mmHg, inHg, cmH2O, inH2O  
Level: in., ft, mm, cm, m

Pressure: psi, kPa, bar, mbar, 
mmHg, inHg, cmH2O, inH2O  
Level: in., ft, mm, cm, m

Pressure: psi, kPa, bar, mbar, 
mmHg, inHg, cmH2O, inH2O

Temperature Sensor Silicon Silicon Silicon Silicon

Accuracy  ±0.1° C  ±0.1° C  ±0.1° C  ±0.1° C

Resolution 0.01° C or better 0.01° C or better 0.01° C or better 0.01° C or better

Units of measure Celsius or Fahrenheit Celsius or Fahrenheit Celsius or Fahrenheit Celsius or Fahrenheit

Warranty 3 years 3 years 3 years 3 years

Notes 1  Temperature range for non-freezing liquids.  2 Typical battery life when used within the factory-calibrated temperature range.  31 data record = date/time plus 2 
parameters logged (no wrapping) from device within the factory-calibrated temperature range. 4 Across factory-calibrated pressure range.   5 Across factory-calibrated 
pressure and temperature ranges.  6 Up to 5-year (total) extended warranties are available for all sensors—call for details.  Delrin is a registered trademark of E.I. du Pont 
de Nemours and Company. Specifications are subject to change without notice.
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