
SSC-SR-1136 
MEMORANDUM 

TO: Mack Riddle, RTK 
FROM: Matt Werner 
DATE: December 8, 1989 
SUBJECT: Potential Leachate Characteristics of the Superconductlng Super Colllder 

Tunnel Boring Machine Spoils 

INTRODUCTION 

Rock excavated from the tunnel, experimental halls, test beam chambers, and access shafts during 
construction of the Superconducting Super Collider (SSC) project will be deposited on-site as 
landscape fill or in spoil pies. This memorandum has been prepared to provide input to the SSC 
Supplemental Environmental Impact Statement on the characteristics of the leachate that will be 
produced as a result of water fDtering through the rock spoils. Evaluation of leachate characteristics 
consisted of the following: 

• Collecting rock samples 

• Measuring water infiltration rate 

• Collecting surface water samples 

• Conducting leach column tests 

• Performing leachate analyses 

• Evaluating results. 

COLLECTING ROCK SAMPLES 

Samples of each of the three geologic formations In the construction zone were collected for analysis. 
The sample locations, techniques, and nature of rock material are described below. 
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• The Taylor Marl sample was collected from an excavation at the CSC Disposal landfill 
in Avalon, Texas. The Taylor Marl Is a green-gray to blue-gray, fine-grained, 
laminated, calcareous shale with Interbedded chalk. Clays are 60 to 70 percent illite 
and montmorAlonite bound with calcium carbonate cement. Analyses of metals and 
some common Ions from a core sample collected in the SSC-site area are shown in 
Table 1. The leach cOlumn test sample was collected from the side of a large trench 
excavated for rubbish disposal about 6 months before sample collection. The total 
depth of the trench Is 30 to 35 feet; the sample was collected from about 25 to 27 feet 
below the ground surface. The upper 6 to 9 feet of the exposure consisted of 
Quatemary terrace deposits and residium, underlain by Taylor Marl to the bottom of 
the excavation. About 8 to 10 inches of weathered material was removed from the 
exposed trench wall prior to sample collection. The material collected was very moist 
and highly weathered. 

• The Austin Chalk sample was collected from the J-V Dirt and Loam Quarry in Austin, 
Texas. The Austin Chalk Is a light- to medium-gray microgranular calcite with 
Interbedded calcareous claystone. Calcium carbonate content Is commonly greater 
than 75 percent and averages 85 percent. Analyses of metals and some common 
ions from a core sample collected in the SSC-site area and the sample collected in 
Austin are shown in Table 1. The material collected for leach column testing Is tunnel 
boring machine cuttings that were deposited In the quarry about 1 year before sample 
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Detection Taylor Marl Austin Chalk Austin Chalk Eagle Ford 

EPA Test Umlts Core Core T8M Spoils Shale 
Analyte Method (mg/kg) Sample Sample (mg/kg) Core Sample 

(mg/kg) (mg!kg) .. . (mg/kg) 

Ipt-tJplj units) 9045 2-12 10 7.7 7.6 9.8 
~lllflrlA 9030 0.4 14 0.8 18 5.6 
Sulfate 300.0 80 1,840 1,500 1,200 3,000 
Auoride 340.2 2 13 5.0 4.0 12 
Nitrate 300.0 20 TR TR TR TR 
Nitrite 300.0 10 TR NO NO NO 
TOC 9060 10 12,500 84,500 81,500 31,200 
Antimony 6010 8.0 TR TR TR TR 
A 7060 1.0 3.9 11 3.5 2.9 "'\1;:)l:Jlllv 

Barium 6010 0.2 22 25 26 62 
IBeryilium 6010 0.2 0.7 0.2 0.3 1.2 
Cadmium 6010 0.2 NO NO NO NO 
Chromium· 6010 0.3 20 4.6 10 20 
ICopper 6010 0.1 14 5.3 17 12 
Iron 6010 2.0 18,000 4,800 9,800 ~,OOO 

Lead 6010 2.0 9.9 NO NO 9.2 
Mercury 7471 0.17 NO NO 0.32 NO 
Nickel 6010 0.8 16 12 12 12 
Pntl'l~~hlm 6010 40 2,000 780 1,700 3,200 
ISelenlum n40 1.0 1.0 NO NO NO 
ISilver 6010 0.4 1.0 0.4 0.6 1.3 
ISodlum 6010 4.0 3,800 430 310 3,900 
IThalllum 7840 2.0 NO TR NO NO 
IZlnc 6010 0.2 68 23 59 54 

NO - Not Detected 
TR - Trace 
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collection. The test sample was collected from a 5-foot mound of material deposited 
at the surface by dump truck. About 10 to 12 Inches of material were removed from 
the top of the mound prior to sample collection. It was also planned to collect Taylor 
Marf cuttings at this location, but none were found exposed. The CSC site (described 
above) was used as an alternative source . 

• The Eagle Ford Shale sample was collected from a cut slope at the Junction of 
Interstate Highway 20 and Texas Highway 408. The Eagle Ford Shale Is a dark gray 
to black, calcareous to non-calcareous shale. It may contain pyrite. The upper 
portions contain bentonite seams, while flaggy limestone beds are more common 
toward the base. The formation is montmorillonite shale with high swell properties. 
Analyses of metals and some common Ions from a core sample collected In the 
SSC-site area are shown In Table 1. The leach column test sample was obtained near 
the head scarp of one of several small slumps and landslides developed In the Eagle 
Ford Formation at this location. The sampling location was about 40 to 50 feet below 
the contact with the base of the Austin Chalk. The sample was very moist and highly 
weathered at the time of collection. 

MEASURING WATER INFILTRATION RATE 

Infiltration rate was measured In an Austin Chalk tunnel boring machine spon pile adjacent to the 
sample collection site. The spo. material ranged from clay to very coarse gravel or cobbles in size and 
was prlmarBy gravel-sized particles. This test was intended to provide data that would help prepare the 
leach columns to closely approximate field conditions. 

A test pit about 10 Inches In diameter and about 14 Inches deep was excavated after removing the top 
8 to 10 inches of the spo. pile. About 2 Inches of clean, medium-grained sand was placed In the 
bottom of the pit. 

During the Initial filling of the pit, 6 gallons of water were added over about 5 minutes. This water 
infDtrated at a rate too fast to be measured accurately. A few minutes after the first fOllng, 2.5 more 
gallons of water were rapidly poured in to fll the pit. This water Infltrated In 1 minute and 20 seconds. 
Based on the rapid Infiltration rate, the coarseness of the tunnel boring machine spoils, and the limited 
size of the leach columns, it was determined that the leach column son-sample density would have to 
be greater than that Identified in the field to allow adequate time for water to be In contact with the 
material. 

COLLECTING SURFACE WATER SAMPLES 

A sample collected from a pond at the J-V Dirt and Loam Quarry was analyzed to establish baseline 
conditions of water In contact with Austin Chalk TBM spoils. catfish are raised In the pond and water 
was being circulated at the time the sample was collected. The pond was formed In part of a pit from 
which about 40 feet of alluvial terrace had been previously removed, exposing the top of the Maribrook 
Marf (upper Taylor Marf). The pond was constructed by excavating about 2 feet of the Marf and placing 
the material along the side of the excavation to form a bank. Subsequently, Austin Chalk spoRs - taken 
from the same location where the sample was collected for leach column testing - were used to raise 
the bank height. At the time the water sample was collected, an unknown thickness of Austin Chalk 
also covered the bottom of the pond. The water sample was collected from about 1 foot below the 
pond surface, treated and chilled on site to preserve the chemistry, and flown to the Earth Technology 
laboratory for rapid analysis. Res~ts of analysis of this water sample are listed In Table 2. 
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Analyte Resubs Analyte Resubs 
(mall)· (maIL) 

TOC 13 Antimony TR 
Nitrite NO Arsenic TR 
Nitrate TR Barium 0.04 
Sulfate 86 Bervllium NO 
I pH (pH units) 9.3 Cadmium TR 
TOS 220 Calcium 23 
Alkalinity 80 Chromium 0.01 
Hardness 130 Copper NO 
Bicarbonatel Iron 0.22 
carbonate (ratio) 28 Lead TR 

Sulfide NO Mercurv TR 
Chlorine NO Nickel TR 
Fluoride 0.43 Potassium 4.3 

Selenium TR 
Sodium 31 
Silver NO 
Thallium NO 
Zinc TR 

TR - Trace 
NO - Not Detected 
* Except as listed 

LEACH COLUMN TeSTS 

A leach column was constructed for each of the three geologic formation samples. Each column 
consisted of a 4-foot length of 4-1nch diameter acrylic tubing. The columns consisted of the following 
layers: 

• The bottom of each column was covered with a cap containing an outlet, above 
which a porous ceramic stone was placed to retain the sample. These stones have a 
particle size of 25 to 50 microns and a porosity of 45 to 50 percent. 

• Each column was filled to a depth of about 3 feet with one of the samples. Only that 
fraction of the samples that passed through a 0.75-inch sieve was used In the 
columns. 

• A layer of clean, 0.25-lnch microcrystalline Igneous gravel was placed on top of the 
sample to diffuse water added to the top of the column. 

The leaching fluid Introduced at the top of the columns was a simulated rainwater, consisting of 
ASTM-grade purified water acidified with sulfuric acid to a pH of about 5.5. This method was chosen to 
closely approximate the pH of rainwater In the SSC site area, whDe minimizing the Introduction of 
elements or compounds that could Interfere with the analytical results. The Introduction of water was 
regulated to keep the columns unsaturated, simulating the vadose zone that would occur In a real spoil 
pile. Tables 3, 4, and 5 list the cumulative quantity of Inflow and outflow and the relative pH of the water 
with time for each of the three leach columns. Figures 1, 2, and 3 show plots of the cumulative amount 
of water Inflow versus outflow for each column. 
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Figure 1 Plot of Water Inflow Versus Outflow for 
Taylor Marl Sample 
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·.·····.···.··.··./ .. table4Urisaturated Column Leach TesiResults 
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o 0 0 ~~ N/A 
1797 3917 740 5.57 8.55 
3303 7833 1390 5.39 8.12 
4355 11757 3190 5.54 7.92 
5689 15679 4665 5.69 7.77 
8363 19610 7490 5.73 8.02 
9781 23523 11130 5.83 7.98 

11168 27449 14660 5.67 8.29 
13013 31360 17400 5.57 8.41 

Figure 2 Plot of Water Inflow Versus Outflow for 
Austin Chalk Sample 
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Figure 3 Plot of Water Inflow Versus Outflow for 
Eagle Ford Shale Sample 
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PERFORMING LEACHATE ANALYSES 

Fluid was run through the columns for about 1 month to allow the leachate to achieve a degree of 
equilibrium. During this period, the water was collected at six Intervals and analyzed for organic and 
inorganic compounds and various chemical properties. The test methods used, detection limits, and 
results of analyses of water samples are shown In Tables 6, 7, and 8 for the Taylor Mart, Austin Chalk, 
and Eagle Ford Shale, respectively. Figures 4 through 18 present plots of the change In leachate 
concentration with time for many of the analytes tested. The U.S. Environmental Protection Agency 
(EPA) and Texas Department of Public Health maximum contaminant levels and recommended levels 
for drinking water, and EPA toxicity limits for those analytes tested are listed In Table 9. Tables 10 and 
11 provide recommended maximums for water quality parameters and element concentrations for 
irrigation and livestock as proposed by other authors. 

EVALUATING RESULTS 

Tables 2,6, 7, and 8 contain chemical analyses of the surface water and leach water columns, divided 
Into general water quality properties and trace metals. Figures 4 through 18 present plots of the 
change in leachate concentration over time for many of the analytes tested. Results were compared to 
National Primary Drinking Water Standards (NPDWS), National Secondary Drinking Water Standards 
(NSDWS) and Texas Department of Health Drinking Water Standards (Table 9), Recommended 
Maximum Concentrations for Irrigation (Table 10), Suggested Upper Limits of Dissolved-Solid 
Concentrations for Stock Water (Table 11), and Texas standards for Trinity River Basin Surface Waters 
(Table 12). Additionally, results were compared to the collected pond water sample (Table 2) and local 
groundwater analyses (Table 13) to determine potential impacts above baseline conditions. 

The groundwater analyses shown in Table 18 were selected after review of a larger data set as typical 
of local, relatively shallow groundwater quality. An evaluation of results Is presented below for general 
water quality and trace metal components. Concentrations that exceed standards or baseline 
conditions are noted. 

General Water Quality 

• Total organic carbon (TOC) ranged from 10 to 45 mg/1, only slightly elevated from the baseline 
water sample concentrations of 13 mg/1. TOC concentration was InltlaDy elevated In all 
samples, decreased over time, and generally stabDized by the midpoint of the test period. 
Organic material Is a natural component of sedimentary rock. There are no national 
standards for TOC. 

• Nitrite was not detected in any of the samples. 

• Nitrate ranged from not detected (NO) to 50 mg/1; the NPDWS Is 10 mg/1. Nitrates were not 
detected after the second sampling period. 

• Slifate ranged from 40 to 3000 ing/1; the NSDWS Is 250 mg/1 and the Trinity River Basin 
standard Is 40 to 175 mg/1. Sulfate declined to within NSDWS over time In all but the Mart 
leachate. Slifate In the Mart leachate also exceeded the groundwater concentration of 
45 mg/Iln a water sample collected In 1971 from a well producing from the Mart (Table 13). 
Sulfates are commonly present In relatively unweathered shales and flne-gralned sediments. 

The decreasing concentration of sulfate In the leachates suggests the metabolic activity of 
Desulfoy!brio, an obllgately anaerobic bacterium that derives Its energy requirements from the 
reduction of sulfate to H2S. Desulfoyjbrlo bacteria are widespread In nature, and often reach 
high numbers In flooded soils where they decompose organic matter under nonacldlc 
conditions. The H2S formed during sulfate reduction reacts qulcldy with Iron and other heavy 
metals (copper, nickel, zinc, etc.) In solution to yield Insoluble metal sulfides. Thus, H2S Is not 
expected to accumulate In appreciable quantities until all the Iron has precipitated as Iron 
slifide. The very small, transient Increase In sulfide concentration detected In the leachates Is 
consistent with a rapid Initial rate of sulfate reduction and sulfide biogenesis, followed by metal 
sulfide precipitation. 

wp.V84d(fask 001. 8 



Sulfate reduction should continue in the spoils so long as organic matter remains and the soil 
is kept under anaerobic, nonacidlc conditions. 

• pH was elevated in all samples over the introduced acidified water, and ranged from 7.2 to 
8.2. This pH is simlar to that in the local groundwater and is within the NPOWS. 

• Total dissolved solids (TOS) ranged from 150 to 4,200 mg/l; the NSOWS Is 500 mg/I and the 
Trinity River Basin Standard is 300 to 500 mg/l. TOS decreased over time In all leachate 
samples, and was within NSOWS in the Austin Chalk leachate by the final sampling period. 
The TOS in the Mart leachate was initially higher and remained higher throughout the 
experiment than in other leachates, and exceeded the representative groundwater 
concentration of 4n mg/l (Table 15). Elevated TOS in the Mart leachate may be due to the 
high clay content of the Mart. 

• Alkalinity ranged from 40 to 120 mg/I throughout the experiment and did not change 
significantly over time. These concentrations are lower than locaJ groundwater concentrations. 

• Hardness ranged from 140 to 2100 mg/I. Hardness decreased over time In alileachates 
except the Mart, In which it remained constant. Hardness was higher than that of the baseline 
surface-water sample and exceeded that of the representative Taylor Mart groundwater 
(319 mg/I). 

• Sulfide ranged from NO to 0.5 mg/l and fluctuated randomly over time. No sulfide was 
detected after the first three sampling periods of the test. 

• Fluoride ranged from 0.8 to 2.0 mg/I, and fluctuated randomly throughout the test. These 
levels are below NPOWS for water at 58.30 F or lower, but would exceed the limits for higher 
temperatures, and are slightly higher than or equal to groundwater levels. 

Metals 

• The following metals were either not detected or were detected In trace (below quantification 
limits) quantities only: antimony, arsenic, beryllium, cadmium, chromium, Iron, lead, and 
thallium. 

• Barium levels ranged from 0.02 to 0.19 mg/l, below NPOWS. 

• Calcium was analyzed only In the first sampling period and ranged from 470 to 570 mg/I. Free 
calcium Ions wouid be expected from the leaching of calcium carbonate rocks. (Note: why 
are data missing?) 

• Copper ranged from NO to 0.03 mg/I. These levels are below NSOWS. 

• Mercury was detected In three samples, and ranged from 0.0004 to 0.0005 mg/l where 
detected. -These levels are below NPOWS. 

• Nickel appeared randomly throughout the experiment, ranging from a trace (TA) to 0.16 mg/I. 

• Potassium decreased over time In all samples, ranging from 4.7 to 31 mg/I. Potassium Is a 
common element In nlite clays. 

• Selenium appeared In the first two samples of the Austin Chalk leachate (0.25 and 0.034 mg/l) 
and the first Mart sample (0.01 mg/l), and was not detected thereafter. These Initial 
concentrations were greater than or equal to the NPOWS of 0.01 mg/l. 

• Sodium decreased over time In all samples. Free sodium Ions wotjd be expected from the 
leaching of montmorillonite clays. 

• Silver was detected In one Austin Chalk sample (0.02 mg/l) at levels below NPOWS. 

• Zinc was detected In six samples (fR to 0.23 mg/l) at levels below NPOWS. 
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COMMENTS 

The results of the leach test may be somewhat conservative (more concentrated) indicators of site 
Impacts. The median particle size used In the leach tests was smaller than particles created by tunnel 
boring machines, and therefore had more surface area for contact. This greater contact area would 
allow for more dissolution and thus greater concentrations of contaminants in the experimental 
leachate. The slower Infltration rate used in the laboratory than that measured In the field would also 
tend to skew the resuts to a more concentrated leachate. Additionally. In the field. water may channel 
quickly through the rock plies, picking up few contaminants. Finally, the Austin Chalk produced the 
least concentrated leachate, and wll host 56 percent of the tunnel and shafts. The Taylor Marl, which 
produced a somewhat more concentrated leachate, wll host 31 percent of the tunnel and shafts. 

However. the subject lithologies are variable In composition, and a large number of leach tests would 
need to be performed to obtain any statistical accuracy in test resuts. To maintain a conservative 
approach to Impact assessment, the potential effects of the more concentrated leachate derived In the 
leach test should be considered. 

Possible water quality impacts include increased water hardness, TOS. sulfate, and slightly elevated 
TOC and fluoride levels, especially from the Marl leachate. The magnitude of the Impact would be 
dependent on the size of the body of water affected. Its existing water chemistry, biota. and current and 
projected water uses. Increased acidity Is not a likely problem because the carbonate rocks woud 
have a buffering effect. The potential for Impact to shallow groundwater would appear to be low 
because the leachate quality is quite similar to documented local shallow groundwater quality. 

Test results do not Indicate a danger of contamination of surface or groundwaters from metal 
contamination. Of all the metals tested for, only selenium exceeded NPOWS, and then only in initial 
(non-stabilized) samples. 
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1,700 1,700 

- Trace 
NO - Not Detected 
Note: All noted. 
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TR - Trace 
NO - Not Detected 
Note: All results are In 
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as noted. 
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-- TABLE 8. RESULTS OF LEACHATE ANALYSES OF. EAGLE. FORD SHALE 
., ...... -: ..... 

•••. . .... :-, :-. . ..: . .. .. . . ... ..:.... . ...: ... :i::·,:;·: .. · .. :-::':':::{f{:\:· ":.-:... . ',/:;'{:." 

Oetection OATE OF SAMPLE COLLECTION 
EPA Test Umlts 

Analyte Method (mg/L) 8/18/89 8/24189 8/29/89 9/1/89 9/8/89 9/15/89 

TOC 415.1 - 45 30 32 29 29 32 
Nitrite 300.0 1.0 NO NO NO NO NO NO 
Nitrate 300.0 1.0 10 2.0 NO NO NO TR 
Sulfate 300.0 1.0 2,000 1,400 380 180 240 190 
pH (pH units) 9040 2 - 12 7.4 7.5 7.9 8.0 8.1 8.2 
TOS 160.1 1.0 2,900 2,100 660 390 450 340 
Alkalinity 310.1 1.0 82 99 130 120 110 120 
Hardness 130.2 2.0 1,900 1,300 450 260 300 300 
Bicarbonate! 
carbonate - 850 670 270 210 190 130 

(ratio) 
Sulfide 9030 0.2 0.2 NO 0.4 NO NO NO 
Auoride 340.2 0.02 1.5 1.7 2.0 2.5 3.7 2.8 
Antimony 6010 0.05 TA TA TA TR NO TR 
Arsenic 7060 0.01 NO NO NO TA NO NO 
Barium 6010 0.005 0.11 0.05 0.07 0.08 0.11 0.11 
Beryllium 6010 0.004 NO NO NO NO NO TR 
Cadmium 6010 0.006 NO NO NO NO NO NO 
Calcium 6010 0.5 570 - - - - -
Chromium 6010 0.008 TA TA NO NO NO NO 
Copper 6010 0.003 0.02 0.007 0.009 TA 0.02 0.01 
Iron 6010 0.04 NO NO NO NO NO NO 
Lead 6010 0.05 TA NO TA TR NO NO 
Mercury 7471 0.003 TA TA TA TR TA TA 
Nickel 6010 0.02 TA 0.11 0.09 TR 0.11 0.16 
Potassium 6010 1.0 9.6 8.8 5.9 4.6 4.1 4.7 
Selenium n40 0.01 TA NO NO NO NO NO 
Sodium 6010 0.1 93 72 32 18 19 10 
Sliver 6010 0.01 NO NO NO NO NO NO 
Thall/um 6010 0.2 NO NO NO NO NO TA 
Zinc 6010 0.005 0.1 NO TA NO NO NO 

TA· Trace 
NO • Not Oetected 
Note: AD results are In mall. except as noted. 
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(ej National Primary Water Regulation maximum contaminant limits (U.S. Environmental Protection Agency, 1975). 
(b) National Secondary Drinking Water Regulation recommended levels (U.S. Environmental Protection Agency, 19n). 
(CI Texas Department of Health, 1989. 
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For Waters Used 
Contrnuously On 

Solis (mgtl) 

For Use Up to 20 Vea,. 
Frne-Textured Solla 

pH 8.0 to 8.5 (mg/I) 

(1) These levels normally do not adversely affect plants and soils. No data are available for 
mercury (Hg), silver (Ag), tin (Sn), titanium (TI), or tungsten c:Nl. 

(2) No problem when less than 0.75 mgll; increasing problem when between 0.75 and 2.0 mgJI; 
severe problem when greater than 2.0 mgll. 

(3) For only acid fine-textured soils and acid soils with relatively high iron oxide content. 

(National Academy of Sciences and National Academy of Engineering, 1972) 

Not all trace elements listed were evaluated as 

·McKee and WoH 
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CR· 
NCR· 
H . 
I • 
L • 
PS· 

TABLE 12. TEXAS SURFACE WATER QUALITY STANDARDS 

alterlon In 0805 shall be 1.0 when headwater flow at USGS Station 0804800 the West Fork 

Ku 
contact recreation 
nono()()ntact recreation 
hig. quaity 
intermediate qualty 
imi1ed quality 
public water supply 

Fecal 
Coliform 

(#/100mL) 
thirty~ay 
geome1ric 
mean not 
to exceed 

Is less than 80.0 
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TABLE 13. ELUS COUNTY GROUNDWATER QUAUTY ANALYSES(1) 

Austin Chalk Taylor Mart 
State Well Number 33-26-703 33-49-802 33-51-203 
Date of Collection 03/19/71 11/10/71 02/22/71 
Well Depth 28 

Temperature-F 26 68 
Temperature-C 
Silica (mg/l) 14.0 9.0 21.0 
Calcium (mg/l) 146.0 107.0 119.0 

Magnesium (mg/l) 4.0 3.0 5.0 
Sodium (mg/l) 29.0 11.0 51.0 
Potassium (mg/l 
Manganese (mg/l) 
Boron (mg/l) 
Bicarbonate (mg/l) 344.0 264.0 372.0 

Sulfate (mg/l) 60.0 28.0 45.0 
Chloride (mg/l) 46.0 9.0 40.0 

Auoride (mg/l) 0.4 0.4 0.8 
Nitrate (mg/l) 31.0 54.0 13.0 

Iron (mg/l) 
pH 7.5 7.4 7.4 

Dissolved Solids (mg/l) 499.0 351.0 4n.0 
Phenol. Alk. CAC03 0.0 0.0 0.0 

Total Alk. CAC03 282.0 216.0 305.0 
Total Hard CAC03 385.0 282.0 319.0 

% Sodium 14.21 7.89 25.89 
SAR 0.6 0.2 1.2 

RSC 0.0 0.0 0.0 

Specific Conductance 782.0 547.0 751.0 

-
(1) Derived from Texas Water Development Board Report 198. Water-Level and Water-Ouality Data from Observation Wells In 

Northeast Texas (February 1976). 
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The amount of sulfate (S04·' in the sulfuric acid (H2SO4 ' required to lovver the pH of the leach water from 7.0 to 5.5 was less than 1 milligram per litre. 
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