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PREFACE 

This r epor t  descr ibes  the implementation of a field monitoring study 
designed to a s s e s s  changes in groundwater and surface water  quality a t  a 
Dredged Mater ial  Research  P r o g r a m  (DMRP) Productive Uses Pro jec t  (PUP) 
si te.  The P U P  s i te ,  a t  Ottawa, Illinois, involves the use  of dredged ma te r i a l  
to  r ec l a im coal-mine spoil. Of concern was the potential for  migrat ion of spe-  
cific compounds and m e t a l  ions found in the dredged mater ial .  Also of interest  
was  documentation of the degree  of mitigation of acid drainage f r o m  the mine 
spoil  due to application of the dredged mater ial .  

This investigation was conducted under Interagency Agreement WESRF- 
77-  197,  entitled "Environmental Analysis of the Use of Dredged Mater ial  for  
Reclamation of Coal-Mine spoi l  Near Ottawa, Illinois," dated 26 August 1977, 
between the U. S. Army Engineer Waterways ~ x ~ e r i l n e n t  Station (WES) and 
the Energy and Environmental Systems Division, Argonne National Laboratory 
(ANE). 

The principal investigator for  this  study was Wyrnan Harr i son  (ANL). 
The coauthor,  Abraham Van Luik, participated indinterpr.etation of the resu l t s  
of the field and laboratory work. 

The project  was  conductedunder the d i rec t  supervisionof Mr. Thomas R. 
Pa t in ,  Manager,  P U P ,  and the general  supervision of Dr . John  Harr i son ,  Chief, 
Environmental Laboratory,  WES. 

The authors  express  the i r  appreciation to Argonne's John F. Freeman  
and co-workers ,  especially Mar i lyr~  Mas te r ,  for  determining the laboratory 
chemical  pa ramete r s .  Other Argonne personnel that we wish Lo tllank for  as- 
sisting in this  study a r e  Richard Olsen, fo r  guidance relalive to c h e n ~ i c a l  ana- 
lyt ical  techniques, and Jeffery Schubert ,  for  advice and ass i s tance  related to 
the procurement  and installation of flumes and soil-water sarrlplers. Personnel  
of De ~ a l b  County Exports ,  Inc., were  a l so  mos t  helpful by  pruv idi l~g assis tance 
when our  vehicles became m i r e d  in nlud o r  when f r e s h  watcr  o r  odd pieces of 
equipment w e r e  needed. 

Installation of the water  sampling equipment was  aided significantly by 
the following personnel f r o m  WES: Richard Lee,  ~ o s d  Llopis, and Robert  Pe te r s .  
We express  o u r  appreciation for  the technical guidance provided by W K S  man-  
age r  Thomas Patin. P ro fes so r  J. J. Jurinak, Head of the Department of Soil 
Science and Biometeorology a t  Utah State University, i s  thanked f o r  h i s  careful  
review of the manuscript .  Eugene P e r r i e r ,  Richard Lee ,  and Thomas Pat in,  
a l l  of WES, a l so  reviewed the manuscript .  

The Director  of WES'during conduct of this  study and preparationof this  
r epor t  was Col. John L. Cannon, CE. Technical Director  was  Mr. F. R. Brown. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) 
UNITS O F  MEASUREMENT 

United States  cus tomary  units of measu remen t  used in th i s  r e p o r t  can  
be converted to  m e t r i c  (SI) units a s  follows: 

Multiply by to  Obtain 

cups 0.0002366 cubic m e t r e s  

Fahrenhe i t  deg rees  5 19 Cels ius  deg rees  o r  Kelvin* 

inches 25.4 mi l l ime t r e s  , 

m i l e s  (u.  S. s ta tute)  1.609349 k i lomet res  

*To obtain Cels ius  (c) tempera tu re  readings f r o m  Fahrenhei t  (F) readings,  
u s e  the following formula:  C = (5 /9) (F  - 32). To obtain Kelvin (K) readings,  
use :  K = (5 /9) (F  - 32) + 273.15. 

X 



SUITABILITY OF DREDGED MATERIAL 
FOR RECLAMATION OF SURFACE-MINED LAND 

The Ottawa, Illinois, Demonstration Project  

by 

Wyman Harrison and Abraham Van Luik 

ABSTRACT 

Eroding ridges of acidic coal-mine spoil in La Salle 
County, Illinois, were leveled to fo rm a gently-sloped raised 
plateau. Four tes t  plots were constructed: a control plot and 
three treatment plots that received a 0.9-m-thick cover of 
dredged mater ia l  obtained f rom the Metropolitan Sanitary Dis - 
t r i c t  of Greater  Chicago. T&O treatment plots received lime 
applications andall  plots were seeded with amixture  of grasses .  
Pressure-vacuum soil  water samplers  were installed, in dupli- 
cate,  a t  two levels in the control plot and a t  three levels in each 
treatment plot. The three levels in the treatment plots coincided 
with dredged material ,  thedredged-materialmine-spoilinter- 
face, and the underlying mine spoil. Surface water,  soi l  water,  
and groundwater were monitored for 29 water-quality param- 
e te r s  for one year .  Rainfall, a i r  temperature, runoff, and water- 
level elevation data were collected also. Detailed analysis of 
the data indicates that the dredged mater ia l  used in this study 
does not adversely affect water quality; i t  supports abundant 
plant growth, lessens groundwater contamination, and contr 01s 
acid runoff. The dredged mater ia l  i s  judged to be a suitable 
mater ia l  for use in reclamation of surface-mined land. 

EXECUTIVE SUMMARY 

This report 'presents  the results of research conducted by Argonne 
National Laboratory (ANL) for the Productive Uses Project  ( P U P )  of the 
Dredged Material Research Program,  U. S. Army Engineer Waterways Experi- 
ment Station. A significant objective of the PTJP was to promote the use of 
dr'cdged mater ia l  in enhancing land that i s  either unproductive o r  that has been 
degraded by the activities of man. During the autumn of 1977, ANL initiated 
a study of the P U P ' S  Ottawa, Illinois, demonstration si te  where dredged ma- 
t e r i a l  had been applied to' nonproductive coal-mine spoil in an effort to: 

1. Reduce. acid mine drainage to, and pollution of, surrounding lands. 

2. Improve the land s o  that some productive use  could be made of it. 



The Argonne effort focused upon the migration of severa l  chemical 
compounds and meta l  ions present in the dredged mater ia l  and mine spoil. 
This objective was accomplished by the ins tallation of equipment for sampling 
soi l  water ,  local groundwater, and runoff associated with four experimental 
plots: a control plot of mine spoil, and three treatment plots consisting of 
dredged mater ia l  covering mine spoil. 

Runoff f r om each plot was gaged by a flume and water-level recorder;  
this. assembly was placed in  the downflow corner  of each sloping plot. Samples 
of runoff water were  collected f rom the throat of a given flume immediately 
.following rainfall, o r ,  when conditions premitted, three samples were  col- 
lected a t  each flume: one shost1.y af ter  inception of runoff, one during peak 
runoff, and one just prior  to cessation of runoff. 

Prsssn.re-vacuum soil  water samplers  were used to collect moisture 
fi-oni t h ~  ~lliut. .,poi1 and dretlged amatcrial in rhe expii'j.n~cntsl plots. TWQ 
samplers ,  separated by a 45-ft (13.7-m) horizontal distance, were ii'lstnllod 
a t  the 2.0-, 3.0-, and 5.0-ft (0.6-, 0.9-, and 1.5-m) depths on each plot. An 
unexpectedly low re turn  of soil  water required combining samples f rom same-  
depth samplers  on each plot and, even then, the volume of sample was often not 
sufficient to permit  analysis of all  chemical par;t.rnetez-s. 

Groundwater was scheduled to be sampled once monthly a t  two ob- 
servation wells,  located 200-300 ft  (60-90 m) to either side of the experimental 
plots. P r i o r  to sampling with a thief sampler ,  the wells were blown out with 
compressed a i r  and allowed to f i l l  up over a 30-min to 3-h period. 

Rainfall at the site was measured manu.ally during par t  of the m.oli.itor- 
ing study and a recording rain ga.ge was installed about two-thirds of the way 
through the study. These data supplemented National Weather Service pre-  
cipitation data for three nearby reporting stations.. 

Water sample pH was determined a t  the s i te ,  no m a r e  than 2 11 aftcr 
bulk sample collection. Following pH determination, each bulk sample was 
split  into a num'her of aliquuts and preservatives added according to the rec -  
ommend.ations of the U. S. Environmental Protection Agency (EPA) o r  the 
American Public Healt'h As sociatiun. The r ecommen.dations of these groups 
were  followed also with respect  l o  laboratory analysis fo r  the following 
parameters  : acidity, alkalinity, chloride, specific conductance, cyanide, 
arnrnonia, ni t rate  + nitrite,  total Kjeldahl nitrogen, orthophosphate, total 
phosphorus, sulfate, sulfide, alkali and alkaline ear th  metals (Ca, Mg, Na, K, 
and S r ) ,  and t race  metals (Al, Cd, C r ,  Cu, Fe ,  Mn, Ni, Pb, Zn, and Hg). 

The dynamics of pyrite oxidation were studied in the control plot that 
was composed of freshly graded mine spoil. Pyri te  oxidation was observed 
to increase in the surficial mater ia l  of the control plot as  ambient a i r  tem- 
perature increased. Pyri te  oxidation in spoil mater ia l  that had received a 
0.9-m- thick cover of dredged mater ia l  was found to be stabilized; no evidence 
of accelerated oxidation was found over the period of the study. 



The dredged material/spoil  interface was increasingly affected by the 
presence of the dredged material  because interface soil  water showed marked 
decreases'  in t race  metal  concentrations over time. 

The treatment ,plots, in sharp  contrast with the control plot, developed 
thick vegetation, resulting in l e ss  runoff water per station. Runoff water 
quality was greatly improved by dredged mater ia l  treatment with respect  to 
pH, t race metal  contents, and total concentrations of dissolved constituents. 

Dredged mater ia l  and interface soil  solutions were significantly lower 
in dissolved aluminum, iron, manganese, cadmium, copper, nickel, and zinc 
than were comparable spoil-matrix solutions. Trace cons titue'nts, for which 
there a r e  published irrigation water quality cr i te r ia ,  were a l l  found to be a t  
acceptable concentrations.. No use restrictions for the dredged material ,  or  
the plant growth supported by it ,  were indicated by any of the resul ts  of this' 
s tudy . 

The paiameters  pH, Al, Fe ,  Mn, and SO4 a r e  found to be sufficient 
indicators of changes in  pyrite oxidation in the spoil material.  It i s  suggested ., . 
that these parameters  continue to be monitored in soi l  solutions of both the 
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spoil and dredged material. In addition, the Ca and Mg concentrations, a s  
well as  the specific conductivity, a r e  important indicators of-rapid, large 
changes in spoil and dredged mater ia l  matr ices.  It i s  important that these 
be monitored to as.sess the continuing akility of'the dredged.materia1 to 
maintain its favorable pH and buffering capacity, especially in the interface 
zone between mine spoil and dredged material.  

I t  i s  suggested that sampling be continued on a bimonthly basis and ' 
that the specified parameters  be determined analytically. In addition, the 
suite of t race  metals should be determined every 4 months, especially in the 
dredged material ,  o r  more  often if significant declines in pH a r e  observed 
within o r  beneath the dredged material.  

I. INTRODUCTION 

A. Projec t  Description 

Overview 

The primary objective of the Dredged Material Research P rog ram ' s  
strip-mine reclamation project a t  Ottawa, Illinois, i s  to demonstrate the 
feasibility of using a cover of dredged mater ia l  to reduce acid surface runoff 
and drainage f rom coal-mine spoil. A secondary but significant objective of 
the demonstration project i s  to promote the use  of dredged mater ia l  in en= 
hancing land that has been degradcd by s t r i p  mining activities. 



Choice of Proiec t  Location 

The project  location is  on the Illinois River in La Salle County near 
Ottawa, Illinois (Fig. 1). The site i s  being leased by the Corps of Engineers 
f r om Ottawa Silica Company; which purchased the property sometime after 
coal mining ceased in  the 1930's. 

Fig. 1. Location Map 

Several factors were involved in selection ul: t . 1 ~  si te;  

1. The lllinois River waterway hisects a number of Illinois counties 
with prelaw abandoned lands and connects these counties to sources of dredged 
mater ia l  near  Chicago. 

2. The cost  of confined disposal of dredged mater ia l  in the Great  Lakes 
region has r i sen  notably to the point where distant land disposal could be eco- 
nomically competitive despite transportation costs.  



3. .The potential for using dredged material  in Illinois i s  good (where 
over 40,500 ha of land were surface mined prior to legislation requiring mined- 
land reclamation). 

. . 

. 4. The Ottawa Silica Company was interested in reclaiming the 
property. 

5. The s i t e i s  o n l y 3 0 0 m f r o m t h e I l l i n o i s R i v e r ,  whichmakes i t  
a,ccessible to barges carrying dredged material ,  and it  i s  a reasonable distance 
(1 15 river km) from a source of dredged material  (Fig. 1) near Chicago. 

6 .  The site i s  extremely degraded and would remain so indefinitely 
unless subjected to some form of reclamation activity. 

Site Description 

Overburden removed to expose the seam of Number 2 coal a t  the 
demonstration site consisted of a silt-loam topsoil overlying a silty clay loam 
subs oil. This soil  was weathered from medium- textured loess or  outwash, 
overlying shale bedrock of Pennsylvanian age. The substratum of gray shale 
that directly overlay the coal contained pyrite nodules which, when exposed 
in the spoil piles, weathered to release sulfuric acid. It  is this acid that 
prevents revegetation of the site and solubilizes the potentially toxic trace 
elements that a r e  of major concern in the present study. The three soil 
components- - surface, subsurface, and substratum- - a r e  visually distinguishable 
in the spoil piles. They a r e  described and characterized more completely 
in the appendices. 

Treatment Rationale 

Expected benefits from application of dredged material  over graded 
mine spoil at  the Ottawa site were: 

1. Establishment of vegetation; 

2. prevention'of erosion; 

3.  improvement of surface water quality; and 

4. improvement of groundwater quality, 

Perusal  of the shows selective replaccn~ellt  of mine spoils 
during the regrading operation can serve  as an alternative to using an imported 
material  as  a spoil cover. Selective replacement requires liming and fertil-  
ization to establish vegetation on spoil after regrading and such replacement 
can have significant economic penalties because of the rehandling involved. 

Selective replacement, cven i f  economically feasible, offers only a 
shor t - term alternative to imported cover material  a t  this site. The thin 



calcareous topsoil layer was diluted during the mining and regrading proces sec  
In addition, weathering and leaching of the calcareous layer by acid soil solu- 
tions of adjacent and overlying acid mine-spoil materials has substantially . 

reduced the capacity of the topsoil to neutralize the acidity that will continue 
to be produced in these strip-mine spoil materials.  This does not mean, 
however, that a rough measure of selectivity in the cut-and-fill operation 
should not be investigated when planning large- scale reclamation of the str ip-  
mined lands in  an around Ottawa. Treatment of the regraded spoils by applying 
a cover of environmentally. acceptable dredged material  promises a long- term, 
relatively low-cost solution to the reclamation of these lands. An evaluation 
of the environmental acceptability and reclamation performance of the dredged 
material  used a t  the demonstration si te  i s  the purpose of.this study. 

Source of Dredged Material 

Dredged material  for the project was obtained from disposal areaMSD6, 
owned by the Metropolitan Sanitary District of Greater  Chicago. The dredged 
mater ia l  containment a r ea  is  located 011 the north side of the Calumet-Saginaw 
Channel and was las t  used for disposal in 1973. A survey in 1976 by G. Wilhelm 
of the plants growing on the surface of the material  i-evealed 42 species. . 

Approximately 3800 m3 of the dried c rus t  layer of natural soil  consistency 
was removed and transported by truck to the Ottawa demonstration site. 

Site Preparation 

Construction of the demonstration site was under the, direction of the 
Chicago District, Corps of Engineers. The si te  consisted of a ser ies  of 
nc>rtl~wcst .s~ut .h~+as(;  Lrending parallel ridges (Fig. 2) of mine spoil 12 to 15 m 
in width ant1 6 to 3 m high, The spoil consisted ol fat clay and clay sllalc with 
intermixed lignite and pyritic fragments. A gently sloping plain extends 
about: 230 m south of the site to the Illinois River. 

The demonstration site was constructed by leveling a sectinn of the 
center two ridges of a ser ies  of four parallel ridges and forming a raised 
plateau. The elevatioll of th.c plots ( 1  48.7 to 149.4 m) was considered suf- 
ficient to keep to a minimum any contaminants that might leach thruugh the 
dredged material  and mine s poi1 to the water table (approximate elevation 142 m). 

The demonstration site consists of four diked test  plots 24. ,4- by. 54.9-m 
(Fig. 2). The 1.5-m-high dikes were. constructed from mine spoil and covered 
with heavy-duty plastic. Their purpose is  to separate plots and keep surface 
runoff s egregatcd. 



Fig. 2. Initial Site Topography, Groundwater Observa- 
tion W e l l s ,  and Test Plots (Sl~pcrirnposed) 



The four tes t  plots a r e  indicated by Roman numerals on Figs. 2 and 3 
and consist of: 

Plot I: A control plot of untreated mine spoil. 

Plot 11: A 0.9-m-thick covering of dredged material. 

Plott 111: A 0.9-m-thick covering od dredged material  over a zone , 

with 22 to 34 M tons/ha of fine-grained agricultural lime 
mixed into the upper 0.1 5 m of the mine spoil. 

Plot IV: A 0.9-m-thick covering of dredged material  overlying'a 
zone with 44 to 68 M tons/ha of fine-grained agricultural 
l ime mixed into the upper 0.15 m of the mine spoil. 

SECTION C-C' 

Fig. 3. Plan and Profile Views of Test Plots and Lo- 
cations of Soil-water samplers  and Fluines 



After construction of the plots, all  plots were seeded with the s ix  
types of g rass  listed in Table 1. Rates of application for each type of seed 
varied between 17 and 22  kg/ha, with a total seed application of 112 kg/ha/plot. 

TABLE 1. Grass Seeds and Application Rates 

Application Rate 
Seed Mixture kglha 

Kentucky bluegrass (k pratensis) 1 7  

Kentucky 31 t a l l  fescue (Festuca arundinacea) 22 

Lincoln smooth brome (Bromus interimis) 1 7  

Blackwell switchgrass (Panicum virgatum)' 2 2 

Birdsf o o t  t refoi l  (Empire) (Lotus corniculatus) 1 7  

Perennial ryegrass (Lolium perenne) - 1 7  

1 1 2  

After seeding, wheat s traw mulch was placed on each plot a t  a ra te  
of 4.5 M tonslha. - The mulch was sprayed with an asphalt emulsion to fo rm 
a binder. When the stand was established, Corps of .Engineers personnel took 
samples of fescue for chemical analysis to measure  plant uptake of heavy 
metal  contaminants. 

B. Water Qualitv Studv 

The primary objective of the water quality study was to investigate 
the migration of the selected chemical compounds and metals present  in the 
dredged material.  Th'e objective was to be accomplished by a nlonitoring. 
study in which salxiples of soi l  water,  local groundwater, and surface runoff 
were taken either routinely or  a t  the time of rainfall, a s  appropriate. The 
chemical parameters  to be analyzed in the runoff, leachate, and grm~n.dwrater 
were pH, acidity, alkal.inity , total pllusphorus , or thophosphate, total I<j eldahl 
nitrogen (TKN),  ammonia nitrogen, nitrate nitrogen, chloride, cyanide, sulfate, 
.sulfide, s i l ica,  calcium, .magnesium, sodium, potassium, strontium, aluminum, 
cadmium, chromium, copper, iron, mercury,  manganese, nickel, lead, and 
zinc. 

11. MONITORING STUDY 

A. Runoff Gaging and Sampling 

Basic Plan . 

As seen in Fig. 3 ,  each of the  experimei~tal  plots was graded to a 0.570 
  lope i r l  both southeasterly and southwesterly directions to direct  runoff to flow 
toward the southern corner  of the plot. The amount of runoff f r o m  each plot 
was gaged with a flume and a water-level recorder .  



Equipment Used and Installation 

The flumes used for gaging runoff were Parshall  flumes made of 
fiberglass- reinforced polyester by Plas ti-Fab, Inc., of Tualatin, Oregon. The 
throat width was 9 in. (299 rnrn). * Each had an integral float well into which a 
Stevens Type F (Model 68) recorder was installed. The recorders were 
obtained from Leupold and Stevens Inc., Beaverton, Oregon. Each prefabricated 
flume was carefully leveled when emplaced in the corner of a plot; inlet wing 
walls were used to train the runoff into the flume. 

B. Soil- water Sampling 

Basic Plan 

P r e s  sure-vacuum soil water samplers (called samplers elsewhere) 
were chosen over groundwater- removal pits and pan collectors because of 
the ease of sampler installation and operation and their inherent safety over 
pits. Their relatively small  size, and the general dryness of the soil, usually 
precluded collection of 0.5 L or more  of water, a condition that limited the 
number of parameters that could be determined a t  each sampling depth. 
Samplers were  installed a t  each of the 22 points shown in Fig. 3. The depth 
of each sampler ' s  porous ceramic cup and the material  in which the cup rested 
a r e  given in Table 2. 

The monitoring plan called for sampling soil water $ few days after 
a significant rain or once every 4 weeks, whichever seemed most  appropriate. 
The porous cups of the samplers were positioned a t  depths (Table 2) of 
approximately 0.6, 0.9, and 1.52 ni (2 ,  3 ,  alrd 5 ft). Thus, soil, water could 
be drwwn from essentjally the same levels iri eaclr plot, an upper level in mine 
spoil or dredged material,  the level a t  which the dredgcd material. interfaced 
with the mine spoil, and a lower level in virgin m.i.ne spoil. 

Equipment. Used and installation -. 

Model 1920 prc a sure-vari i i~m soil water samplers were obtained from. 
Soil-Moisture Equipment Corp. of Santa Barbara, California. These w t r c  
made up a t  the factory wit11 plastic pipe reservoirs  53 c m  long. Plastic access 
tubes were added prior to inatallation and these tubes were terminated above- 
ground with short  lengths of 31 16 in. in diameter by 118-in. wall ileoprene 
tubing and pinch clamps. Short pieces of tapered woodcn dowel were inserted 
in the free ends of the neoprene tubes to prevent fouling by soil.. 

Two-inch-diameter holes were augered to accept each soil water 
sampler.  These holes provided a tight fit. Just  prior to insertion of sam- 
plers  1-7, 1 cup of minus-200-mesh "Tip-topM silica sand (99.89% silica) was 

* 
A table of factors for converting U. S. customary units of measurement to metric (SI) can be found on p, x.  



put into the hole and moistened with about 225 m L  water. (For  samplers  8-23, 
only 112 cup of sand was used.) The sand provided hydraulic continuity be- 
tween the porous cup.and surrounding material.  After insertion of each sam-  
pler,  200 nlL of bentonite was packed around the. top; the r e s t  of the hole was 
filled with dredged mater ia l  or  spoil, a s  appropriate. 

. . 
. TABLE 2. Details of Emplacement of Pressure-  

vacuum Soi l -water  Samplers 
. . . . 

Depth of T i p  of 
Sam- Ceramic Cup 
p l e r  P l o t  Below P l o t  Sur face  
No.. No. ( f t l i n . )  (m) I n s t a l l a t i o n  Notes 

1. I .. 2'0" . 0.61 s t a n d i n g w a t e r t o t o p h o l e  

2 I 1 . 5  h o l e  d ry ;  o n l y  2 '  (0.61 m) from No. 1 5 1 0" 

5 I I 2'0" 0 .61 may have some b e n t o n i t e  around cup 

6 I1 3'3" 0.99 , i n t e r f a c e  a t  3'3" 

7 I I 4'5" 1.4 

9 I1 3'0" 0.91 i n t e r f a c e  a t  3'3" (0.99 m) 

11 ' I11 2 ' 0" 0.61 i n t e r f a c e  from 2'10" t o  '3'4" 
(0.87-1.03 m). 

1 2 .  I11 3'0". ' .  0.91 c u p i n l i m e d l a y e r  

1 5  111 3'0" 0.91 cup i n  limed l a y e r  

1 8  I V  3 "5" . 1.1 . i n t e r f a c e  from 3'3" t o  3 '5" 
(0.99-1.05 m) 

1 9  TV 5'1" 1.6 1 .0 '  (0.3 m) limed l a y e r  

2 2 I V  5'2" 1'. 6 f n t e r f a c e  from 3'7'' t o  4'3" 
.(I .  08-1.30 m) 

2 3 I V  - replacement  f o r  no. 1 9  

Ins tallation of the soil  water samplers  was completed on Novem- 
ber  3 ,  1977, and a t  1300 h each sampler was filled with distilled water to 
moisten the cup. At 0800 h on November 4, the distilled water was pumped 
out (with a Model 1920IC1 pressure-vacuum hand pump) and a 60-centibar 
vacuum was placed on the sampler.  The f i r s t  soi l  water samples for analysis 
were drawn on November 9 a t  1400 h. Samplers were completely evacuated 
a t  each sampling. About 2.5 h was required to sample and reinstitute vacuums 
on each sampler.  



C . Groundwater Sampling 

Groundwater was sampled once monthly a t  the two observation wells 
of Fig. 2 to as s e s s  possible contamination of the local groundwater by leachate 
f r om the dredged material.  The wells were installed by a Corps contractor 
and consisted of 2.0-in.-diam (51-rnm) galvanized pipe. Well 1 (Fig. 2) had a 
total depth of 35.7 f t  (11.4 m) and terminated in a 2- by 36-in. (51- by 914-mm) 
sc reen  se t  in clay. Well 2 had a depth of 22.5 f t  (6.86 m )  with the lower 10.0 ft 
(3.05 m) in bedrock. 

When sampled for the f i r s t  t ime (November 20, 1977), the water in 
Well 1 was 34 ft. (10,4 m )  f rom the top of the well pipe (pipe- top elevation = 
495.3 ft  [151 m]); the water level in  Well 2 was 4.5 ft ( 1 . 3 7  m) f rom the top of 
the well pipe (pipe-top elevation = 468.8 f t  [142.9 m]). Water in both wells 
.was blown out with compressed a i r  conducted to the well bottom by a plastic 

pipe, T h e  wells were  allowecl to fill up nver a 2f - to 3-h period and then 
sampled with a plastic thief sampler.  Only a 600 rriL sample could Lc obtained 
f rom Well 1 and the water was very muddy. A full l i t r e  was obtained f rom 
We11 2 .  

D. Ancillary Samples and Observations 

An 11-in. (279-mm) Taylor, Clear Vu rain gage was installed on 
November 18, 1977. The gage was attended by an amateur meteorologist. A 
second gage, a Meteorology Research,  Inc., Model 302 tipping-bucket rain 
gage was installed on August Y, 1978. This gage records rainfall and temper- 
a ture  automatically. Details of gage ins tallation and rainfall records a r e  
described in Appendix C. The rainfall data a re  summarized and analyzed in 
Appendix B. 

Four analyses of samples of mine spoil a r e  presented in Appendix E. 
Appendices F, G,  and H present  the resul ts  of ancillary studies on surface 
water quality before and after treatment,  nline op~i l .  variability in t e rms  of 
soi l  rrloisture and acidity, and quantity of spoil a,nd dredged mater ia l  contact 
waters ,  respectively. Appendix I presents information on si te  geohydrology 
that was developed by Purdue University a s  a resul t  of soil  borin.gs and a 
review of the l i terature. E.es~llts of the ancillary observations and studies 
repvrted in appendices a r e  used in the interpretation of water qual.ity 
resul ts  obtained in the main part  of the study, and a re  referencod in the  text 
when so used. Figure 4 shows part  of the tes t  site' a s  i t  appeared on 
October 25, 1978. 



Fig. 4. Treatment [ and IY and Sunounding Spoil Banks, View is due east (cf. Fig. 2) and shows luxuriant gtowth of weeds, 
rain gage on center of spoil berm separating ploa, flume and recorder housing in extreme foreground, and soil-boring rig 
in center of picture. 



XU.. FIELD .CfiIEhrZICAL WORK 

The following procedures were adopted for preserving and transporting 
samples and for determining pH at khe site. 

A. Sample Handling 

All samples were drawn into 1 L wide-mouth cs&ahirs .  Prior to use, 
the containers were acid washed with 10% HN03 and then rinsed once with 
once-distilled water and five times with double-distilled water. Before divid- 
ing and adding preservakives, the samples were placed in am insulated cooler 
and held at <4OC. All samaples, both wvi& and without preservatives added, 
were transported to the 1abora~lorjr refrigerator in the ccml.exe, 

B . Determination 

'Water xar~q~l t  yIT wan dckermined sit the. ~ i t e  ria Inore than 2 h after 
bulk sample withdrawal with a B'eckman Select -Mate portable pH meter. Tem- 
perature corrections were made and recalibrations performed as necessary 
(see, for example, Beckman Instructions 015-082368-A). 

C. Sample Preservation 

Following a given pH determination, a sample was divided and pre- 
servatives added according to %he schedule of Tab1.e 3. (Note that 300 mL of 
untreated sample water was held at -4°C for determination of acidity, alka- 
linity, chloride, and sulfate. ) 

TABLE 3. Sckme PoUaved far Preserving Water Samples - 
Vnl una 
Sample 

Parameter (s) Preserved (mL) Preservative 

Nitrate + Nitrite-N. 

Zn, Cu, Cd, Pb, Cr, 
Ni, Al, Mn, K. Fe, 

Ca, %, Yg, Er 

He 

Total P 

Tdtal Kjeldahl N 

Orthophooplhonrs (PO4) 

Amonla-N 

Sulf ide 

Cyanide 

f i icerad  i n  laboratory and 
then ac id i f ied  with ul- 
trapure W 3  a t  r a r e  o 1  
5 m1./1- 

0.8 mL 0.5% HgCIZ Solution 

25 mL Sulfide anti-oxidant 
buffer  No. 2 

a~ 50% solut ion of the  concentrated acid,  whi& is used for safe ty  of 
handling I n  the f i e ld .  
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IV.  LABORATORY CHEMICAL WORK 

The following procedures for laboratory analysis of the water samples 
were adopted. 

Acidity 

Cold acidity was determined using the potentiometric titration method 
presented in.Standard Methods .4  The selected endhoint was pH 8.3. 

The precision of this method i s  f 1.8 m g / ~  CaC03. 

Alkalinity . . 

Alkalinity was determined using the potentiometric t i tration method 
in Standard ~ e t h o d s . ~  The selected endpoint .was pH 4.5. 

The relative standard deviation for the alkalinity analysis i s  
f5 .0  m g / L  CaCO3. 

Chloride 

Chloride was determined using the argentometric t i tration method 
presented in Standard Methods ; 6  The .potassium chromate indicator was ob- 
tained f rom the Hach Chemical Company in 'a prepackaged form. 

This analysis has been determined to have a detection limit of 
1.0 m g / ~  C1 and a precision of +4.2'% C1'. 

Specific Conductance . 

The electr ical  conductivity was determined.using the method presented 
in standard ~ e t h o d s . ~  A 4959 Electrolytic Conductivity Bridge manufactured 
by Leeds and Northrup was .utilized for the measurements.  

. The precision of this tes t  i s  +3.00/0 of the reading. 

Cyanide 

The procedure used for cyanide measurements followed 'those outlined 
in Standard Methods,' with the exception of the type of electrode recommended. 
The Orion model 94- 16 silver/sulfide specific ion electrode was used.9 

. . This electrode may be ~ ~ s e d  for  cyanide rrleasurements when KAg(CN)2 
indicator i s  added to the sample. The electrode measures  the silver concen- 
tration a s  the ion A ~ ( c N ) ;  dissociates.  The extent of the Ag(CN); dis S ~ c i a t i o n  



i s  a function of the f ree  cyanide activity. Thus, the silver ion measurement 
indirectly measures the f r ee  cyanide activity. 

. The known-addition method of analysis has a detection limit of 
0.0004 m g / ~  CN and a precision of f 6.070 CN. 

Nitrogen 

Ammonia. Ammonia was determined with an Orion model 9 5- 10,  
.' 

arnrnonia electrode. The known-addition method outlined in the Orion instruc- 
tion manual was f o l l ~ w e d . ' ~  This procedure yields a detection limit of . 

0.08 Y T L ~ / L  N1I3-N and a precision of +2.0'% ammonia nitrogen. 

Nitrate + Nitrite. The procedure to be used in the nitrate + nitrite 
measurements was a variation of the cadmium reduction method described 
in Standard Methods." 1 -Naphthylamine was replaced by chromotropic acid. 
A prepackaged cadmium and chrombtropic acid indicator was obtained 
f rom the Hach Chemical Company. 

Total Kjeldahl. Total Kjeldahl nitrogen will be determined using the 
procedures outlined in Standard Methods .I2 

Phosphorus 

Orthophosphate. Dissolved orthophosphate was measured using the. 
procedures outlined by the EPA." This procedure i s  analvgous to thc ascorbic 
acid method presented in Standard Methods . I 4  

Thc limit of detection of this analysis i s  0.05 m g / ~  PO,, and the pre-  
cision is  ?2.00/0 PO,. 

Total Phosph~rus .  Total phosphorus was measured using the persul- 
fate digestion procedure outlined by the E'PA, '~ 

Redox Pulential. The redox pntential was det.ermined with an Orion 
platinum redox electrode, model 96-78. The procedure followed is  that out- 
lined in the Orion instr:uction manual.16 

Silica. Silica was determined using the molybdosilicate method pr e- 
sented in Standard Methods." The reagents used in the tes t  were purchased 
f rom the Hach Chenlical Company in a prepackaged form. 

The detection limit of this procedure is  0.5 m g / E  Si02.  The' precisioll 
i s  f 7.070 Si02. ' 

Sulfate. The procedure for the determination of sulfate was a variatior 
of the turbidimetric method outlined in Standard Methods.18 A single reagent, 



prepackaged by the Hach Chemical Company, was used. This reagent i s  a 
combination of the barium chloride and conditioning reagent described in 

18 Standard Methods. 

The .detection limit of this analysis i s  2 mg /L  SO,, and the precision 
i s  t 9.070 SO4. 

Sulfide. F r ee  sulfide was determined with an Orion sulfide/ silver ion 
electrode, model 94- 16. The known-addition method outlined in the Orion 
instruction. manual was followed. 19 

When using the known-addition method, the detection limit i s  
0.0006 mg /L  S. The precision is  k.2.070 S. 

B. Metals 

All metal  analyses were performed with a Perkin-Elmer Model 603 
atomic absorption spectrophotometer . 

Alkali and Alkaline Ear th  Metals (Ca. Me. Na. K ,  S r )  

The procedures .used in determining these metals a r e  described in the 

, 
Perkin-Elmer methods manual." The flame tedhnique was used in assessing 
the metal  concentrations. A lanthanum-oxide/cesium-chloride mixture was 
developed for use in reducing interferences during analyses. 2 1 

The precision of this procedure i s  +lo70 of the concentration of the 
element of interest .  Ideal A.A. detection limits for  these metals a r e  a s  follows: 

Ca: 0.2 m g / ~  K: 0 . 2 m g / L  

Mg: 0.2 m g / L  S r :  0.5 m g / L  

Na: 0 .2  mg/l-, 

Trace  Metals (Al, Cd, C r ,  Cu, Fe ,  Mn, Ni, Pb, 'Zn) 

The flame analysis procedures outlined in the Perkin-Elmer methods 
manualZ0 were used in determining the sample concentrations of these elements 
following an EPA "soft. digestion. 1122p23  . 

The precision of these methods is 11070 of the concentration of the 
metal of interest .  Ideal A.A. detection limits a r e  listed below: 

Al: 0.10 m g / L  Mn: 0.02 m g / ~  

Cd: 0.02 m g / L  Ni :  0 . 05mg/L  



Cr:  0.05 m g / L  Pb: 0.05 m g / ~  

Cu: 0.05 m g / L  Zn: 0.05 m g / L  

Fe: 0.05 m g / L  

The realized detection limit for i ron was 0.10 m g - F ~ / L  in this study 

Mercury  

The EPA flameless,  cold-vapor technique was used for mercury  
analysis.  24 

The detection limit for this procedure i s  0.00Ul'U m g / L  Hg, and the 
precision i s  + lo% Hg. 

V.  MODEL USED FOR INTERPRETATION O F  SOIL-WATER DATA 

A thermodynamic solubility model was used to attempt delineation of 
the principal factors controlling the chemic a1 composition of the soil  solutions 
collected in this study. The model compared the concentrations of soil  solu- 
tion constituents against known limits for the presence of a saturated condi- 
tion. Saturation would suggest the presence of a solid mineral  phase controlling 
solubility for  the chemical species involved, o r  the possibility of chemical 
precipitation of such a mineral  f rom the soil  solution. Under saturation would 
suggest either that an insufficient t ime had elapsed to allow equilibrium to be 
attained between the solution and solid phase of a mineral ,  or  that solubility 
was being controlled by an adsorption prucess o r  inorganic o r  organic adsor-  
bents. The soil chemistry of Ca, Mg, Na, K, Cd, C r ,  Hg, Pb,  and Zn were 
simulated using the model described below. 

Chemical equilibrium was assumed in the model and the ionic forms 
of the heavy metals  chosen were  the therm.odynamically stable forms that 
exist  under natural aerobic conditions. The forms of the heavy metals were 
taken as  ~ n " ,  I?b2+, ~ d " ,  H ~ " ,  and c r0 i2 . .  The partitioning of Hg and Cr . 

between their various valence states  was considered a second order  cur rection. 

Input corioisted of the en~~rne ra t ed  cations, pH, and the anions C1- and 
SO:-. 'carbonate and bicarbonate activities were calculated f rom pH assurnirlg 
atmospheric C02 partial  pressure  .25 Initially, the ionic strength. p was cal-  
culated from the molar concentrations Mi and valence Zi for all the ionic 
specie6 in solution 



Then the activity coefficient yi for. each ionic specie i was.calculated f rom 
stunmi and Morganz5 a s  

log yi = - ~ ~ f ( p $ ( l  t p$) - bp)  (2) 

.where A = 0.509 for an aqueous solution at 25OC, and b has a value of 0.2. 
When the activity coefficients were es t imated,  the ion activities (M) w.ere cal-  
culated using a mas s  balance approach which incorporated ion pair formation 
in the soi l  solution. For example, the total analytical concentration of a heavy 
metal  cation in solution MT in t e rms  of the ion pairs  considered in  this  model 
was given by . ,  

where [ ] represents  concentration in m o l e s / l  and (Mi) = yi[Mi], in t e r m s  of 
activities. Where ( ) represents  activity, Eq. 3 i s  written 

( M ~ + + )  , (MSO:) , (MC~,) , (MCOO,) , (MHPO:) 
MT = - 

ym Ymso4 Ymcl Ymco3 yrnhpo4' 

In general, for any ion   air of the fo rm MX, we can write 

MXi-j = Mi+ + Xj  - 

and 

i- j (M'+)(xJ-) 
(MX ) = 

K ~ x i - j  

. . 
where KMXi- j i s  the dissociation constant for the ion pair MY-3 and where 
it i s  the charge on cation M and j- i s  the charge on anion X. Making the 
substitution given in Eq. 5 for all  complexes and rearranging Eq. 4 givcs 

All anions and cations whose calculations appear in this model were  t reated 
in this manner . 



Each charged ion pair .contributed to.the ionic strength thus: the ac-  
t ivities of all ion pai rs  ( M X ~ - J )  were calculated f rom Eq. 5 after ( M ~ + )  and 
( ~ j - )  were calculated using expressions of the form given by Eq. 6. Because 
ionic strength i s  based on concentrations, each calculated ion pair activity 
was divided by i t s  respective activity coefficient and fed into a new ionic 
strength expression that incorporated ion pai rs  in i t s  computation. This pro- 
ces  s was repeated in an iterative DO loop until successive ionic strength 
values differed by l e s s  than 1 x MIL. The computed activities for t h e .  
cations, anions, CO,, HCO,, and the pH and pOH were then routed to a routine 
that 'calculated ion activity products for the most sparingly soluble salts known 
for each cation. The ratio of these calculated ion activity products to k n o k  
solubility product constants for each sal t  provided an estimate of the satura-  
tion status of each ion with respect  to these sal ts .  

The minerals  considered in this model as  possible solubility-controlling 
solid phases were 

Anglesite, PbS04 

Aragonite CaCO, 

Arcanite KzSO4 

Bischofite MgC1,-6Hz0 

Cerus site PbCO, 

Epsomite 

Gibbsite 

Gibbsite (amorphous) Alz03. 3Hz0 

Gyp s.un~ CaSO,. 2H20 

Halite 

Hexahydrite 

Hydromagne site 

Kieserite 

Lead hydroxj de 

Magne site 

Mercuric chloride 

Mirabilite 

Ne squihonite 

NaCl 

MgS04- 6Hz0 

Mg4(,COd3(OH)2 

MgS04.Hz0 

Pb(OH), 

MgCO, 

HgClz 

NaZS04. 10HzO 

MgC03-6Hi0 



Otavit e cdC03' 

Smithsonite ZnCO, 

S jrlvite KC1 '. 

Zinkosite . . ZnSO, 

No sparingly soluble chromate sal ts  a r e  known. to exist naturally, hence these 
computations were not done fo r  Cr.  

In addition, the solubility status of the following minerals  was estimated 
using the activity coefficient o f t he  zn2+ cation a s  the activity coefficient for 
the divalent cations. F'e3' activities wer.e calculated from ~ e ' +  to Fez' ratios 
which were determined by. a formula using t h e  s t a tusof  the s"/so:- redox 
couple. 38 These estimated cation act ivi t ies  afid the calculated anion activities 
were used to estimate ion activity products for the following minerals:  

Arnorph. ion oxide Fe(OH)3 

Celestite SrS04 

Melanterite FeSO,. 7H20 

Pyrochroite Mn(OH)z 

Rhodochrosite MnC03 

Siderite FeCO, 

Strontianite SrCO,. 



VI.' RESULTS AND DISCUSSION 

A. P re sen t a t i on  of Analytical  and Supporting Data 

T h e  r e su l t s  of t h e  chemical  analyses  f o r  a l l  runoff, so i l -mois ture ,  and 
wel l  s ample s  a r e  p resen ted  i n  Appendix A. The  m o r e  meaningful of t he se  
result 's  w e r e  abs t r ac t ed  and tabulated fo r  in terpreta t ion in  th is  sect ion of the  
r epo r t .  Analytical  r e s u l t s  in  Appendix A a r e  given a s  they w e r e  obtained 
f r o m  the  laboratory.  In  the  p re sen t  sect ion,  however,  sulfa te  concentration 
values  were  de te rmined  by balancing the  mill iequivalent concentrations of 
cations with anion mil l iequivalents ,  assuming  chlor ide  and su l fa te  constituted 
t he  major i ty  of thc  tota l  anions i n  solution. This  was done because  chemical  
in te r fe rences  w e r e  apparent ly  encountered when the  tu rb id imct r ic  b a r i u m  
prccipi ta t ion method was used with s o m e  samples .  This  p rob lem was  c o r -  
rec ted  to  an extent by the  adoption of a n  automated sul.fate ,p rocedure  toward 
m i d y e a r ,  1978. Standard n i t ra te  p rocedures  w e r e  al.so found unsat isfactory 
i n  t h e s e  solutions.  A discuss ion  of the  n i t ra te  and sulfa te  analyt ical  p rob lems  
appea r s  under "Reliabil i ty of the  Data" in  Appendix A. 

Supporting meteorological  and runoff da ta  a r e  presented in  Appen.di- 
c e s  B, C ,  and D. Analyses  of mine-spoi l  s ample s  a r e  given in  Appendix E.  
Descr ipt ions  of ancillary, s tudies  conducted on the chemical  cha rac t e r i s t i c s  
of su r f ace  and . subsu r f ace  contact  w a t e r s  i n  spoil  and dredged m a t e r i a l  a r e  
given in  Appendices F, G, and H together  with r e su l t s  and in te rpre ta t ions .  
Appendix I p re sen t s  informat ion on the  geohydrology and s t ra t ig raphy  of the 
s i t e .  

B. Quality of Runoff Water  

The  quali ty of runoff wa te r  was expected to  differ  ma.rked1.y between 
the  t r ea t ed  and untreated study plots .  Changes i n  su r f ace  wa te r  quality that  
m a y  takc place ove r  a n  extended per iod a r e  m o r e  per t inent  t o  evaluation of 
the  dredged m a t e r i a l  a s  a permanent  cover  t r ea tmen t  fo r  degraded lands and 
a r e  d i scussed  in  t he  sect ion that  follows. 

P lo t  I: F r e s h l y  Graded S ~ o i l  

Runoff s ample s  w e r e  obtained nn six dates  dur ing the  c o u r s e  of this 
study. Selected wa te r  quality p a r a m e t e r s  f o r  t he se  da tes  a r e  p resen ted  in 
Tab le  4. On only one of t he se  s i x  occasions  did the s t o r m  and runoff condi- 
t ions allow for  collection of init ial ,  maximum,  and final runoff s ample s .  The  
121 17/77 sampl ing  consi s ted  of snowmelt  runoff. The  4/ l o /  78 s t v r m  dropped 
0.89 in .  of r a in  over  a period of approximately  3 h,  allowing the  collection 'of 
t h r e e  wel l - separa ted  s amples .  T h e  collections on 6/26/78 and 7/26/78 r ep -  
resen ted  the  l a s t  por t ions  of 2.28- and 0.81 -in. r a i n s t o r m s ,  respect ively .  



TA3I.E 4. Selected water Quality Data for Treatment of Plot I Runoff Samplings Listed 
by Collection Date and Time of Samplings with Respect to Onset of 

F.unof f (I), Peak Flow of Runoff (M) , and Final Runoff (F) 

Samp1ir.g date 12/17/77 4/10/78 4/10/78 4/10/78 6/26/78 7/26/78 11/13/78 
Rainfall amount unknown -0.89 in.---- 2.28 in. 0.81 in. 0.35 in. 

Runoff ea~pling time I I U F P P P* 

Acidity (ppm) 946. 1340. 236. 169. 1824. 842. 2700. 

Alkalinity (ppm) -- -- - -- - -- -- 
PH 3.90 3.34 3.72 3.50 2.98 3.30 2.40 

( d o )  1.98(est)** 2.45 1.05 0.82 2.90 2.41(eet)** 4.13(est)** 

(PP~) 0.13 0.03 0.01 0.05 0.05 0.08 2.60 

sot (ppm)t 1500. 2000. 650. 400. 2300. 1900. 3500. 

c1- (ppm) 10. *I. el. 4. 3. 1. 2. * 
Ca ( P P ~  169. 203. 86.8 57.6 120. 91.6 138. 

%* ( P P ~  197. 242. 72.3 41.8 261. 235. 390. 

~ r *  (ppm) 0.6 (0.5 e0.5 eo.5 0.9 <o. 5 e0.5 

Na+ 2.68 1.73 0.98 0.72 1.52 1.52 5.00 

K+ 0.87 1.15 0.58 e0.50 0.70 1.10 0.93 
4-t 

Zn 0.92 1.64 0.39 0.26 1.06 0.78 1.85 * 
CU (ppm) 0.08 0.27 0.03 0.02 0.35 0.18 <O. 05 

~ i *  (ppd 0.86 1.34 0.32 0.17 0.16 0.13 2.37 

a* ( P P ~  11.4 17.0 4.60 2.29 17.6 15.6 27.6 * 
Pe ( P P ~  1.50 3.66 e0.10 e0.10 57.6 26.6 78.5 

AL* (PP~) 56.5 102. 24.7 16.2 151. 125. 256. 

*Standing wacer, 5 days since.precipitation. 
**Estimated by regression with ,total cation concentration milliequivalents/~. 
tEstimated from charge balance calculation. 



T h e  t r ends  i n  the  values  shown in  Table  4 compare  well  with t rends  
i n  the  0 .6-m depth so i l  solution s amples ,  a s  will  b e  shown in  t he  resu l t s  and 
d i scuss ion  of t h e  groundwater quality portion of th is  study. 

An examination of the  init ial ,  maximum,  and final  runoff samplings  of 
4/ 101 78 revea ls  the  ini t ia l  peaking and subsequent taper ing of the  dissolved 
so l ids  loading that  i s  cha rac t e r i s t i c  of the  runoff p roces s .  A multi tude of 
va r i ab l e s ,  such  a s  collection t ime  with respec t  t o  the  tota l  runoff t ime ,  mag- .  
nitude of the ra infal l  and runoff, weather  between events ,  and o the r s ,  m a y  af- 
fec t  t he  wate r  quality found in  each  of the  collected s amples .  However,  t he  
l a r g e  s i z e  of t he  6/26/78 s t o r m ,  and the  samples  not being collected a t  t he  on- 
s e t  of runoff f u r  thc  6/26/78 and 7/26/78 s t o r m s ,  suggests  that  t he  acidity and 
d i sso lved  s a l t s  concentrations repor ted  fo r  t he se  dates  a r e  conservat ive  and 
tha t  acidifica.tion i s  , taking place i n  the  surf ic ia l  zone of T rea tmen t  P l o t  I with 
rcoultant  i n c r e a s e s  i n  m e t a l s  and sulfa te  concentration in  the runoff. 

I t  i s  speculated that  e ros ion  will  contirlue Lu expoce f v e s l l  pyri t ic  rri.a- 
t e r i a l  that  will  be  oxidized. A reduction in  acidification i s ,  t he re fo re ,  not ex-  
pected for  t he  untreaied spoil  plot runoff, except a s  a n  annual win te r t ime  
d e c r e a s e  in r e sponse  to  lowered t e r n p e r a t ~ r e s . ~ ~  No quantitative prediction 
of the  ul t imate  quality of runoff wa te r  can be  made  f r o m  these  data.  

The, l i t e r a t u r e  concerning r a t e s  and mechanisms  of pyr i te  oxidation 
d e s c r i b e s  a' ve ry  slow ini t ia l  oxidation r a t e  involving the diffusion of oxygen 
onto a Ire s4  pyri t ic  surface.27 The  r e su l t  of t h i s  in i t ia l  oxidation s t ep  i s  the  

7 R d i r e c t  oxidation of i r o n  pyr i te  to  i r o n  sulfate.  After this ini t ial  s tep  t h e r e  
i s  Fe(11) in  s.olution which m a y  be chemically o r  biologically oxidized to  Fe(1fI), 
w h i c l ~  in t u r n  oxidizes sulfide on contact. The  ra te -de te r~r r in ing  s tep  f n r  the  
conti~luing criidation p snces s  i s ,  t he re fo re ,  the  chemical  n r  biological oxidation 
of i r on .  25 

T h e  increase .  observed  dur ing t he  y e a r  in  the  su r f ace  acidity of ' s tudy 
P l o t  I ,  s ince  exposure  by regrading,  i s  not out of harmony with l i t e r a tu re  va l -  
ue s  f o r  the  kinetics of pyr i te  oxidation. At pH 3 ,  half of i r on  in  solution may 
b e  oxidized to the highly rcac t ive  hut v e r y  sparingly. soluble Fe(II1) s t a t e  over  
a period of a month and a half.25 With pyr i tes  p resen t ,  but not a l l  pervas ive  
i n  the  sys t em,  i t  m a y  be seer1 that  not every  Fe(111) ion produced will  r e a c t  
with a pyr i te  su r r ace  before  it is precipi ta ted ( F ~ ( o H ) ~ ( s ) ) ,  hence i t  lnay be  
that  s teady s t a t e  ha s  not ye t  been reached in  the  s y s t e m  under consid crat ion,  
and that  f u r t h e r  degradat ion of runoff wa te r s  m a y  s t i l l  occur .  

P lo t s  11, 111, and IV: Dre.de;ed Mater ia l  T rea tmen t s  ..- 

Tab le  5 p re sen t s  sa l ient  wate r  quality cha rac t e r i s t i c s  f o r  the runoff 
wa te r s  collected f r o m  the  dredged m a t e r i a l  t r ea tmen t  plots.  ' Vegetative growth 
on these  plots was  prol i f ic  and i t  severe1.y reduced runoff f r o m  these  plots a f -  
t e r  the Apr i l  sampling.  No runoff was detected f r o m  Plo t  LI: fo r  the  ta i l  end of 



TABLE 5. Selected Water Quality Data for Runoff Samples'from Treatment of Plots 11, 111, and IV, listed by Collection Date 
and Time of Sampli.ig with Respect to Onset of Runoff ( I ) ,  Peak Flow of Runoff ( H ) ,  and Final Runoff (F) 

-- ----- 
Treatment plot I1 I I I I 111 111 111 I11 I11 1.1 I IV IV IV IV IV 

Sampling date 4;10/78 4/10/78 4/10/78 12/12/77 4110178 4/10/78 4/10/78 6/26/78 7/26/78 4/10/78. 4/10/78 4/10/78. 6/26/78 7/26/78 

I M F '  F -  I M F F F I M F . F .  F Runoff sampling tine - 
Acidity (ppm) 19.7 19.7 15.. 8 49.2 15..8 15.8 7.9 4.6 -- 11.8 17.7 19.7 0.0. -- 

K+ (PP~) 4.65 1.64 1.28 1.14 2.64 0.99 1.12 14.3 5.48 2.74 0.60 1.07 25.7 8.76 

~ e *  (ppm) c0.02 ' 0.60 0.50 0.51 1.05 0.64 1.34 - 2.04 1.10 0.40 ~0.02 <0.02 0.97 0.34 

'~stimated by difference. 



t he  2.28-in. s t o r m  of 6/26/78, fo r  example.  The  s m a l l  volumes of runoff col-  
lected f r o m  the  0.81 -in. s t o r m  of 7/26/78 for  P lo ts  I11 and IV allowed the 
determinat ion of only the pH and cation concentrations.  The  higher  concen- 
t ra t ions  fo r  sodium and potass ium for  t hese  s a m e  two samples ,  and the  lower  
concentrations fo r  ca lc ium and magnes ium in  relation to  other  runoff samples  
f r o m  these  s a m e  plots ,  m a y  be  explained by the lack of contact t i m e  and the 
l a c k  of dilution in  this  s m a l l  flow. In addition, the a r e a  in  which the runoff 
was  generated was nea r  the  plas t ic-sheeted bo rde r s  of the  plots ,  whe re  s o m e  
contamination was evident f r o m  the separa t ion  dikes composed .of mine-spoi l .  
Th i s  condition could explain the  lowered pH for  the two 7/26/78 runoff s a m -  
plings. Because  of this suspected contamination by mine-  spoi l ,  the  pH values 
f o r  the 7/26/78 runoff sa.rnples f r o m  t r ea tmen t  P lo ts  111 and IV w e r e  not 
considered.  

Table  6 compares  t rends  in var ious  p a r a m e t e r s  for  t rea ted  P lo ts  I1 
thruugli  I V  with ohserved t r ends  f r o m  untreated Plot  I. The  quantity of data 
is insufficient to  war  ran t  r igorous s ta l is  t ical  e v  alv.ation. 

Based upon the l imi ted  data  available,  i t  i s  apparent  f r o m  Table  6 that  
i n  eve ry  category the  quality of the t r ea tmen t  plot runoff wa te r s  improved 
with t ime ,  in  cont ras t  with the runoff wa te r  f r o m  the  untreated plot. As d i s -  
cussed  e a r l i e r ,  wa te r  f r o m  the untreated plot became progress ive ly  m o r e  
degraded.  The  phenomena of increas ing  pH and decreas ing  dissolved s a l t  
loadings in the  runoff wa te r  f r o m  Plo ts  11-IV was expected to  correspond to 
s i rn i la r  t rends  found by Mang and others29 in  leaching s tudies  on dredged m a -  
t e r i a l  f r o m  five locations conducted over  a period of 9 months.  

The  soquen.Lia1 runoff cnll ectiontj during the 4/ 101 70 s t o r m  a1 so ex- 
hibited typical  init ial  peaks in dissolved consti tuents,  followed by dccreaset l  
concentrations in  the  additional su r f ace  wa te r  flow:$, as illustra.ted in  Table  5. 

Table  7 p re sen t s  high values ,  m e a n  values ,  s tandard deviatiorls, and 
coefficients of var ia t ion for  the 4/10/78 runoff water  quality p a r a m e t e r s  f o r  
the  untreated and fo r  the combined t rea ted  plots. F o r  samples  in which a 
p a r a m e t e r  was not detectable by the analytical  method used,  the foregoing 
s t a t i s t i c s  w e r e  calculated using numer ica l  values following the " l e s s  than" 
symbols to  avoid having to  u se  ze ros .  By using this p rocedurc  the inennc be-  
c a m e  biased in the  "wors t - ca se"  direction; using z e r o  values would have bi-  
ased  the means  in  the opposite direct ion.  I t  was fe l t  that  the m o r e  conservat ive 
b ias  would be appropr ia te  to the  objectives of this study. 

Compar i son  of the  mean  values of Table  5 with wa te r  quality c r i t e r i a  
for  i r r iga t ion  wa te r s  indicates that  the  dredged m a t e r i a l  runoff w a t e r s  did not 
exceed any of the recommended concentration l imits  fo r  any of the measu red  
p a r a m e t e r s .  29,30,31 



TABLE 6. Apparent Runoff Water Q u a l i t y  Trends  f o r  
S i x  Paramete r s ,  F i v e  C o l l e c t i o n  Dates  

Date of Runoff 
C o l l e c t i o n  

Apparent 
Parameter  and Trend 

l o c a t i o n  ( P l o t  8 )  12/17/77 4110178 6/26/78 7/26/78 11/13/78 --- 
A c i d i t y  I 94 6 1340 1824 842 2700 I n c r e a s i n g  

A l k a l i n i t y  I1 47.2 

( P P ~ )  111 32.8 37.7 16.4 

I V  37.7 19 .7  

Avg . (11-IV) 32.8 

Avg . ( I  I- IV) 6 .90 

EC (mmho) I 1 .98  

Avg . (11-IV) . 

Decreas ing 

Decreas ing 

2.40 Decreas ing 

Tncreas ing 

4.13 I n c r e a s i n g  

Decreas ing 

Ca ( P P ~ )  T 169 . 203 120 19 .6  138 . D e c r e a s i n g .  

I I 174 

111 252 146 . t 37.1 10.7  

I V  115 1 2 . 1  6; 51  

Avg . (11-IV) 252 14 5 24.6 8 .60  Decreas ing  

SO (ppm) . I "1500 
4 

2000 2300' . 1900 , 3500 I n c r e a s i n g  

' ,  
Avg. (11-IV) 700. : . : 470 .'. 75 50 . . . Decreas ing  

. . .  . . . . 
. .. -- / ..--- 

. .  ,. . . a 
Nor cons ide red  because  o f  p robab le  c o n t a m i n a t i o n ,  see t e x t .  



TABLE '. Summary of S t a t i s t i c a l  Data for  Runoff Water Qual i ty  Anslyt ical  Results :  The 10 Apr i l  1978 Storm 

Untreated (Plot  I) ~ o i e r a n c e s  ; Treated (Plots  XI. 111, and IV) 
Coeff. of var. For Continuous For Short Coeff. of Vac. 

Parameter High value Mean value Std. Dev. X Use Term Use High b a l m  Uean value Std. Dev. X 

Acidity (PP) 1340 582 658 1L3 19.; 16.0 3.99 25.0 

Alk8liDity (ppm) -- -- - - 47.2 28.3 9.84 34.7 

pH (low value) 3.34 3.52 0.19 5.42 7.15 7.28 0.10 1.36 

EC (umholcm) 2466 1436 882 b1.5 1045 536 263 49.0 

~ 0 . 0 5  
* 

0 0 Po4 (PP) ~ 0 . 0 5  0.3C <0.05 0.00 6.52 

Torel-P (ppm) 0.15 0.08* 0.06 09.3 0.15 0.1C- 0.04 35.6 

TKJ (ppm) 0.85 0.65 0.18 27.7 1 8 3  0.93 0.45 47.8 

NU3 (PPIP) 0.42 0.33 0.08 22.5 0.25 0.21 0.03 15.2 

NO3 ( P P ~  3.0 2.2 1.0 48.3 0.32 0.30 -- -- t 
So4 ( P P )  1500 €33 751 i l 9  300 131 87 65.3 * 
c1 ( P P ~  < 1 <1 0 0 6 2* 2 100 

Ca (ppm) 203 116 76.9 66.4 174 90.1 45.2 50.2 

41 ( P P ~  242 i19 108 90.9 4 L 9  17.5 12.4 71.1 

Na ( P P ~  1.73 1.14 0.52 45 5 b..jO 2.03 1.32 64.9 

K ( P P ~ )  
* 

1.15 0.61 0.53 86.: k.45 1.64 1.23 66.7 

Fe (ppm) 3.66 - 1.29' 2.06 160 1.34 0.54* 0.44 81.1 

A1 (ppm) 102 47.6 47.3 99.2 0.3 0.1 0.0 54.5 

Sr (ppm) <o. 5 <o. 5 o o 4 . 5  ~ 0 . 5  o o 
b (ppm) 17.0 7.96 7.91 9s.) 4 . 0 2  <O. 02 0 0 

Cd (PP) gO.02 cO.02 0 o <>.02 g0.02 0 0 
L 

Cu ( P P ~  0.27 0.12 0.13 103 ~ 3 . 0 5  <0.05 0 0 

Cr ( p p d  <O. 05 <O. 05  0 0 4 - 0 5  <0.05 0 0 

N i  (ppm) 1.34 0.61 0.64 104 4k 05 <O-05 0 0 

Pb ( p p d  0.12 0.0l* 0.04 55.1 -0.05 4 . 0 5  0 0 

Zn ( P P ~  1.64 0.76 0.76 99.8 0.06 ~ 0 . 0 5  0.00 6.52 
t 

(3 (PP) 0.022 0.019 0.002 13.2 0.020 0.019 0.000 2.08 

H8 ( P P ~  t* * L  

Sulfide (ppm) 0.016 0.006 0.009 la 1.68 G.19 0.56 294 

* Date biemed in conservative d i rec t ion  by using "less thane values a t  t h e l r  numerical value. 
** No data  



F o r  s o m e  o r  a l l  of the  runoff s ample s  f r o m  P lo t  I ,  a luminum, copper ,  
manganese and nickel concentrations exceeded c r i t e r i a  fo r  i r r iga t ion  wa te r s  
a s  suggested i n  s o m e  o r  a l l  of the  t h r e e  c r i t e r i a  publications consulted. 29,30,31 

The  pH of the  runoff s ample s  f r o m  the  untreated plot fa i ls  t o  m e e t  the  lowest 
suggested pH c r i t e r i on  f o r  i r r iga t ion  wa te r s .  If t he  pH w e r e  adjusted to  5, the 
lowest i r r iga t ion  wa te r  d r i t e r i a  value,29 before  d i s cha rge  onto a r ab l e  land, the 
four l i s ted e lements  could be significantly reduced in  concentration because  
t he i r  solubil i t ies a r e  controlled by the  format ion of pH-dependent solid phases  . 

C.  Quality of Soil  Wa te r  

T h e  objective f o r  sampling and analysis  of so i l  wa te r  was t o  de te rmine  
the  effect  of dredged m a t e r i a l  t r ea tmen t s  on so i l  solutions with r e spec t  t o  mi- 
grat ion of chemical  consti tuents f r o m  dredged m a t e r i a l  into spoil .  (The word 
soi l  means  h e r e  t he  m a t r i x  composed of both dredged m a t e r i a l  and spoi l  in  - 
the  t r ea tmen t  plots .) 

The  exper imental  design used to  a s s e s s  the  effects of differing dredged 
m a t e r i a l  t r ea tmen t s  involved four  t r ea tmen t s ,  with so i l  wa te r  sampled a t  t h r e e  
depths,  with two repl icat ions .  Because  i t  became  n e c e s s a r y  to  combine rep l i -  
cated samplings  t o  m e e t  s ample  volume requi rements  fo r  the analytical  p ro -  
cedures  s ta t i s t i ca l  evaluation by analysis  of va r i ance  f o r  significance of 
t r ea tmen t  effects could not be  applied r igorously .  F o r  example,  a n  evaluation 
of the  t r ea tmen t  effect on pH a t  a given depth has  the  addition of l i m e  a s  a 
var iab le .  However,  if only t r ea tmen t s  fo r  P lo t s  11, ILI, and IV a r e  considered,  
then one has  a randomized block with the  amount of l ime  a s  the  t rea tment ,  and 
analysis  of var iance  m a y  be  applied r igorously  to  a s s e s s  t r ea tmen t ,  depth, and 
sampling t i m e  effects on pH, a s  i l lus t ra ted  i n  Table  8. 

Tab le  8 shows that  t hc  means fo r  pH a t  t he  t h r e e  different depths and 
for  the t h r e e  dif ferent  t r ea tmen t s  a l l  differed significantly. This  i s  due to  the  
fact  that  the  t h r e e  depths sampled r ep re sen t  (1) the  dredged m a t e r i a l ,  (2) the  
dredged m a t e r i a l  and spoil  m a t e r i a l  in te r face ,  and ( 3 )  the mine  spoil .  

T h e  t h r e e  l i m e  t r ea tmen t s  w e r e  designed t o  be: (Plot  11) 0 M tons/ha , 

added l ime ,  (Plot  111) 2 2 - 3 4  M tons jha  added l ime ,  and (P lo t  IV) 
44-68 M tons /ha  added l ime ,  respect ively .  The  significant di f ferences  
(Tab1.e 8 )  i n  mean  pH fo r  the  t r ea tmen t  plots run counter  to  expectations,  
however ,  in that  mea,n so i l  solution pH is l e s s  i n  l i m e  t r ea tmen t s  f o r  P l o t s  111 
and IV than in  P lo t  11, which had no l i m e  t r ea tmen t .  This  t rend  in  pH a s  a 
function of the  addition of l i m e  might  bc  thoilght to re f lec t  spa t ia l  var iabi l i ty  
i n  the  pH of the  underlying spoi l  m a t e r i a l  that  completely m a s k s  any l iming 
effects.  



TABLE 8. Ax.zlysis of Varianze to Evaluate Significance of L:ne Treatment 
and Sampling Depth Effects on the pH of Soil Vat?: 

Experi- Time of Sampling Experi- 
mental 1 2 3 4 5 6 7 mental 
P l o t s  Depth 20 Nov 1977 16 Nay 1978 1 3  Jun 1978 20 J u l  1978 9 Aug 1979 11 Oct 19?8 8 Nov 1978 P l o t s  

3 4.65 3.90 3.90 3.65 3.78 4.45 4.00 

Means. (Depth) 1 - 7.26 m 2 - 5.92 m 3 = 4.10 m 

Meana (Treatment) I1 - 6.63 111 = 5.66 kV - 6.00 

99% Confidence Level 
Mean C r i t i c a l  F-Values 

Ana lys i s  of Variance = Sum of Squares df Squares F-Level (For 40 dF 8eaominator) Consequence 

T o t a l  166.59 62 

Treatments 10.19 2 5.09 10.68 5.18 Treatments s i g n i f i c a n t  

Depths 126.96 2 63.48 124.47 5 ..'I8 Depths s i g n i f i c a n t  

Er ror  29.44 58 0.51 

Note: Treatment,  depth,  and sampling timea a r e  f i x e d  v a r i a b l e s .  No in te rac t ions l  can be eva lua ted  because of con- 
founding a s  revealed by expected mean square a n a l y s i s .  Whether t r ea tments  a r e  considered t o  be nes ted  w i t h i n  
dep ths ,  or dep ths  t o  be nes ted  i n s i d e  t rea tments ,  does no t  a f f e c t  the  F- tes t s .  Mean squares  f o r  a l l  t h r e e  
v a r i a b l e s  e r e  t o  be compared v i t h  the e r r o r  mean square.  T h i s  t a b l e  uses  d a t a  f o r  the seven monthly samplings 
For which pH va lues  v e r e  c b t a i ~ e d  f o r  every sample. 



Appendix A m a y  provide one i l lus t ra t ion of a l iming effect: the  1 .5-m 
sampling r e su l t s  fo r  the  highest  l i m e  application t r ea tmen t  r evea l  pH values  
indist inguishable f r o m  the  1 .5-m spoi l  p ~ ' v a l u e s  fo r  the November and 
December  1977 and March  1978 samplings .  Beginning with the  Apr i l  1978 
samplings ,  however ,  the  pH values  w e r e  indist inguishable f r o m  the so i l  wa te r  
s ample s  f r o m  the  0 .6 -m depth fo r  the  o ther  t r ea tmen t s .  Th i s  condition m a y  
r ep re sen t  solution being pulled f r o m  a zone i? the in te r face  dominated or ig i -  
nally by spoil ,  but a f te r  significant mo i s tu re  t.hroughflow, leached l i m e  and/ o r  
dredged m a t e r i a l  alkalinity succeeded. in  neutralizing the  res idual  acidity in  
the  zone. 

F o r  p rac t ica l  purposes ,  however,  the  exper imental  resu l t s  w e r e  ex-  
amined a s  if t h e r e  had been no l ime  applications.  Essen t ia l ly ,  a reduced ex-  
per imental  design was a s ~ u m e d ,  one that consisted of a control  plot and t h r e e  
replications of a s ingle  dredged m a t e r i a l  application. 

Resul ts  f r o m  Control  P lo t  

Major  ion concentrations and da ta  f o r  so i l  wate r  s ample s  for  the  con- 
t ro l  plot (Plot  I). a r e  tabulated in  Table  9. The  m o s t  s t r ik ing fea ture  of t he se  
data  i s  the  pH difference between the  0.6- and 1 .5 -m sampling depths.  T h e  
init ial  low pH value for  the 20 November 1977 1 .5 -m sampling (Table  9 )  i s  
m o s t  likely a t t r ibutable  to  contamination of the  bo re  hole by su r f ace  m a t e r i a l  
when the s a m p l e r  was installed.  Comparison with the  chemical  c h a r a c t e r i s  - 
t i c s  of the t h r e e  genera l  spoil  types descr ibed  in Appendix H leads  to  the  con- 
clusion that  the  acidic spoi l  of the  control  plot i s  under la in  by a l aye r  of 
(premining)  topsoil.  Th is  fu r ther  i l l u s t r a t e s  the  spati.al var iabi l i ty  of spoil  
ma te r i a l s ,  a cha rac t e r i s t i c  that  has  been r e f e r r e d  to e a r l i e r . \  

The  essen t ia l  purpose of this study i s  to  moni tor  the  changes that  will 
take place on, in,  and under  the  dredged m a t e r i a l  that was placed ove r  the  
acidic spoi l  ma te r i a l .  The  changes measu red  followed a s  a d i r ec t  - resul t  of 
the impacts  of a i r ,  wa te r ,  and t empera tu re  ovcr  t ia le .  

A previous study calculated average  acid format ion r a t e s  fo r  acid-  
spoi l -pi le  su r f aces  a s  a function of total  cumulative runoff acidity,  s u r f a c e  
dra inage  ar ,ea ,  t ime ,  and tota l  runoffIrainfall  ratio.33 T e m p e r a t u r e  and p e r -  
colated acidity w e r e  not considered.  The  presen t  study was 'no t  designed to  
invest igate  the  s a m e  s e t  of p a r a m e t e r s ;  however ,  the ra infal l ,  t empera tu re ,  
anil so i l  wa te r  quality da ta  tha t  w e r e  collected do allow investigation of bas i c  
relat ionships between spoil  acidification environmental  fac tors .  

In  Table  9,  runoff wa te r  quality da ta  fo r  P lo t  I w e r e  included beside 
da ta  f o r  the c lo se s t  corresponding 0 .6-m so i l  wa te r  quality sampling date.  
The  pH of the runoff and 0 .6-m so i l  wa te r s  appea r s  to  be  decr.easing over  
t ime;  however ,  cor re la t ion  between the  s i x  corresponding pH values showed 
that  th is  relatiorisllip was  not significant a t  o r  above the  5% c o n f i d e ~ ~ e e  level .  



TABLE 9. Data  (?pm) f o r  S e l e c t e d  Wat=r Q u a l i t y  Pa rame te r s  f o r  S o i l  and Runoff Waters f o r  P l o t  I 

Soi.1 !!acer Runoff Water 

Depth Date  Ca Ng ?:a K Sr 91 "c? , ?!n SOc pE pl: Ca Mg !Ta 
a  

K. A 1  Fe Mn SO5 

0 . 6  m 20 ?!ov 
27 %v 
4 Dec 
17 Cec 
17 Xpr 
16 Xay 

, 13  Jun 
20 J u l  
9 A . J ~  
6 Sep 
11 3 c t  
8 ??ov 

20 Sov 
27 Nov 
4 Dec 
17 Dec 
17 Apr 
16  !lay 
1 3  Jun  
10 J u l  
9 Auq 
6  Sep 
11 Oct 
8 Yov 

a ~ u l f a t e s  e s t i m a t e d  from cha rge  balance  c a l c u l a t i o n s .  

b ~ i n e s  i n d i c a t e  approximate  tLmes c,f runoff  co1lectic.n vxth r e s p e c t  t o  t imes  of c o l l e c t i o r .  of s o i l  wa te r .  



Simi la r  cor re la t ions  between 0.6-m,  and corresponding sur face  runoff A1 and 
F e  concentrations,  yielded r values of 0.948 and 0.842, which, a t  4' of f r e e -  
dom, a r e  significant a t  the  1 and 570 confidence levels ,  respect ively.  These  
correspondences  a r e  not easi ly  interpreted because of the complexity of acid-  
su l fa te  so i l  pyr i te  oxidation react ion mechanisms  and possible  oxidation prod-  
uct t ranslocat ion pathways .34,37 It  appea r s ,  however,  that a luminum mobility 
i s  g r e a t e r  than i ron  mobility in  this acid-sulfate so i l  sy s t em,  assuming  that  
pyr i te  oxidation i s  a v e r y  shallow sur face  phenomena he re ,  a s  suggested in  
the l i t e r a tu re .  3 3 

The  runoff data (Table 9 )  show a definite i nc rease  in  pyr i te  oxidation 
for  the  sur face  of the  untreated spoil  of P lo t  I. The 0.6-m so i l  water  da ta  
(Table  9) show, initially, the  ion concentration dec reases  that may  be  .expected 
f r o m  leading through a f resh ly  exposed sur face .  Subsequent i nc reases  in con- 
centrati.on, a f te r  w a r m e r  weather  has  s e t  in ,  suggest  corresponding inc reases  
in the  su r f ace  pyri te  oxidation r a t e .  Relationships between 0 .6-m concentra-  
tions and meteorological  fac tors  (Table 10) were  investigated (Table 11). 

Table  11 shows a significant negative l inear  relationship between ca l -  
c ium in  the soi l  solution a t  0.6 m and total  precipitation between collection 
dates .  Fa i lu re  of sodium to behave s imi la r ly  to  a significant extent allows 
the speculation that m o r e  than s imple  dilution o r  leaching is causing this  de-  
c r e a s e  in  calcium. Application of the thermodynamic solubility model  (de- 
sc r ibed  in P a r t  V )  showed that calc ium sulfate,  gypsum, was sa tura ted  in a 
.number of these  0.6 m soi l  solutions. Format ion  of solid s t a t e  gypsum in 
so i l s ,  according to  the  l i t e r a tu re ,  i s  possible  where the acidity produced by 
pyri te  oxidation i s  neutralized by calcium carbonate,34 and/or  i s  leached to  
depths i n  the so i l  where  the downward movement of water  i s  impeded.35 
Since no water  could.be collected f r o m  s o m e  of the  1 .5  m-depth soi l  water  
s a m p l e r s  fo r  s o m e  months ,  i t  m a y  b e  fur ther  speculated that t h e r e  i s  down- 
ward  wa te r  movement impedance a t  o r  above that  level.  Gypsum precipi ta-  
tion a t  o r  below the 0 .6-m depth appears ,  therefore ,  a likely calcium 
cdncentration control  mechanism in Plo t  I. 

P a r t  I1 of Table  11 shows that sodium, manganese,  and s t ron t ium de-  
c r eased  a s  the  weather  got w a r m e r .  Since this i s  equivalent to  saying they 
decreased  over  the one-year duration of this study, no new information i s  ob- 
tained f r o m  these  cor re la t ions .  Of in te res t ,  however,  i s  the  significant but 
opposite t rend  fo r '  the a luminum concentration.  Labora tory  oxidation in  n i t r ic  
acid of pyr i t ic  ma te r i a l s  and the i r  inclusions showed aluminum to  be the.  sec- 
ond mos t  abundant metal. solubil ized,  a l t e r  i ron  ( see  Table  G. l ,  Appendix G). 
Together  with the 'corresponding d rop  in  pH, the aluminum re su l t s  suggest  a c -  
ce le ra ted  pyr i te  oxidation i n  the P lo t  I su r f ace  with accumulation in  the nea r  
subsurface.  The  manganese  r e su l t s  suggest  removal  by leaching, s i m i l a r  t o  
sodium and s t ront ium.  F r o m  Table  9,. however;  i t  m a y  be seen  that  manganese  
does not appear  i n  the  1 .5-m so i l  solutions. This ,  i t  m a y  be speculated,  s t e m s  
f r o m  the s t rongly pH-dependent na ture  of manganese solubility.25 In a l l  l ikeli-  
hood, manganese(11) oxide precipitation i s  occur r ing  a t  the  in te r face  between 
the acidic  and nea r  neutral  spoil  ma te r i a l s ,  represen ted  by the 0 .6-m and 
1.5-m sampling depths.  



TMLE 10. Summary of Metearological Data Presented in Appenlix B 

* 
20 Nov 27 Nov 4 Det - - - 17 Dec 17 Apr 16 May - 13 Sun iC Jul L A u u  6 Sep 11 Oct 8 Nov 

Number of rainfall 
events between 
collection cates 3 2 2 4 13 4 3 8 3 6 7 5 

Cumulative inchee 
of rainfall be- 
tween collection 
datee l.9lk* c.58** 0.75** 1.01 6.69 5.73. 0.41 5.50 2.22 . 1.62 5.32 1.68 

Mean temperatures 
betveen colLection 
datee, 

daily..means OF 51 .. 28 2 6 24 28 54 71 76 7 3 .  76 68 53 

daya ) . 

Number of days 
between collectione 30 7 7 13 121 2 9 2 8 3 7 20 28 35 28 

- 

* 
For preceding 30 days and date of collection. ** 
Eetimated from Ottava data (see Appendix B). 

TAEiLE 81. Linear Statistical Relationships between Data for Soil-vater Parameters 
, Measure'd at the O.bn Depth and Meteorological Data (€0: Elot I) 

I. Signifizant relationships between chemical parameters and total precipizalion betweex collection 
dates. 

Correlation fegrees Sign%€-cance Coefficient of 
Parameter Coefficient (r) of Freedom Leval*(a) Determination (r2) 

Ca .-0.721 , 11 0.01 

11. Significant relationships betveen chemical parameters and mean tenperatures betwecn collection 
dates. 

* 
Na -0.638 1-0.764) 11 (9) 0.C5 (0.01) 0.407 (0.583) 

S r -0.735 10 ' 0.C.l 0.540 

A1 0.720 10 0.01 ' 0.518 

Mn -0.818 10 0.01: 0.669 

PH -0.7110 11 0 01 0.491 

*Critical r values: 41 df = 9, a = 0.05, r = 0.602; df = 9, a = 0.01, r = 0.735; 
df = 10, x =  0.115, r =.0.576; df = 10, a = 0.01, r = 0.708; 
d f  = 11, u =  0.115, r =0.553;,dr = 11, u = 0.01, r = 0.6.84. 



Significance for  the cor re la t ion  of increased  i ron  concentrations with 
increased  t empera tu re  was not demonstrated.  This  may  be re la ted t o  the. r e l -  
a t ive  e a s e  with which i ron  may be precipitated,  even a t  low pH, preventing i t s  
translocation f r o m  the su r f ace  to  60 -cm depth a t  which these  samples  w e r e  
taken.34,37 Effor ts  to  calculate  Fe3+ to  r e 2 +  rat ios  f r o m  the redox s ta tus  of 
the solution w e r e  unsuccessful due to  nonequilibriurn conditions and the lack  
of s ens itivity38*39 of the computer model to d i sc r imina te  between redox couples.  

Table  12 l i s t s  so i l  water ,  t r a c e  meta l  concentrations for  the P lo t  I 
0 .6-  and 1.5-m depths.  Over  the study period,  definite i nc reases  in the  
0 .6-m nickel and zinc concentrations a r e  apparent ,  with s o m e  penetration of 
nickel into the nea r  neutral  1 .5-m depth being suggested by the data.  Resul ts  
of a laboratory pyr i t i c -mater ia l  oxidation study ( see  Appendix G )  indicated 
that  chromium,  cadmium, and lea3  w e r e  solubilized during pyri te  oxidation 

TABLE 12. Trace Metal Concentrations in Plot I Soil Solutions 
in the 0.6- (Acidic) and 1.5-m (Near-neutral) Zones 

Trace Metal, ppm 

Depth,m Date Cd Cr Cu N i Pb Zn 

0.6 20 Nov 

27 Nov 

4 Dec 

17 Dec 

17 Apr 

16 )La:: 

13 Jun 

20 Jul 

9 Aug 

6 Sep 

11 Oct 

8 Nov 

1.5 20 Nov 

27 Kov 

4 Dec 

17 Dec 

17 Apr 

16 > h ! l  

13 Jun 

20 Jul 

9 Aul: 

6 Sep 

11 Oct 

8 NOV 



a t  measu rab le  concentrations.  T h e r e  was no indication of downward move-  
m e n t  of e i ther  chromium o r  cadmium in  the  data  of Table  12, probably be-  
cause  the i r  concentrations w e r e  diluted below detectability in the so i l  water .  
Since lead does not move appreciably in so i l s  of pH 5 t o  9 ,  and s ince  lead 
concentrations w e r e  comparable  to the cadmium levels  re leased  in the labo- 
r a to ry  pyrite-oxidation study, the comparat ively high lead concentrations in 
Table  12 probably r ep re sen t  a high lead background concentration fo r  the 
spoi l  ma te r i a l .  The  increas ing  nickel and zinc concentrations,  however, may 
b e  taken a s  a fur ther  indication of increas ing  pyri te  oxidation in the P lo t  I 
spoil  sur face  ma te r i a l .  

Resu l t s  f r o m  the Trea tmon t  P lo ts  

The  objectives of this study requi re  that the dredged ma te r i a l  be  ex- 
amined a.s to i . ts  ability t o  maintain favorable pH cha rac t e r i s t i c s  under field 
conditionia . 

Table  8 ,  in  the  preceding section,  showed that pH var ia t ion with t ime ,  
taken over  the  whole profile of the t rea ted  plots a s  descr ibed by the 0.6-,  
0 .9 - ,  and 1 .5 -m samplings,  was nonsignificant. In Table  13, this t e s t  i s  r e -  
peated a s  a one-way analysis  of var iance  on. t h e  pH ~f each sampling depth 
over  t ime .  One-way analysis  of var iance  allows the inclusion of the incom- 
plete data s e t s  s ince  unequal sample  s i z e  i s  allowed.32 

According to  the resu l t s  of the s ta t i s t i ca l  analysis   a able 13) t h e r e  
was  a significant var ia t ion in  pH over  t ime  in  the 0 .6-m samples ,  which rep-  
r e s e n t  the dredged ~ l l a t c r i n l .  It bcrnmes important ,  a t  this point, to  know 
w'liich mcans  differed s ldl is t ical ly  f r o m  w11.i.ch other  rrleans, so  Duncan's 
lvlulliplc R L L I I ~ ~  ~ c . n t ~ '  was  1.1se2, and the result ing nondfsti~lgciishablc means  
w e r e  underlined in Table  13, meaning that those means  not u ~ l d i ~ l i r m c ~  by thc 
s a m e  line m a y  be  said  t o  differ significantly a t  the 99% level of confidence. 

What the Duncan's Multiple Rangc (DMR) 'I 'est  resu l l s  show ic that 
t h e r e  was a significant drop. in  pH between winter and spr ing ,  and a significant 
r i s e  in  pH in  midsum~r re r  which, by the end of the sampling period,  was indis-  
t inguishable f r o m  the pH before  the drop  occur red .  Thus ,  in Table  13, the 
17 December  pH of 7.92 is shown, by the dashed l ine ,  to be indistinguishable 
f r o m  the 8 November pH of 7.G3. A pH cycle, with a d rop  in pH during the 
t i m e  of the max imum vegetative growth r a t e ,  ha s '  been documented, apparently,  
i n  thc  0 .6-m depth of the dredged ma te r i a l .  Tha t  this i s  a normal  phenomenon 
i n  mine ra l  so i l s ,  especially under cultivation, i s  at tested by the general  soi ls  
textbook uf I3uckman and ~ r a d ~ , ~ ~  wherein the cause  i s  ascr ibed  to be "due to  
ac ids  produced by microorganisms ."  Also,  higher plants,  "espec ia l ly  with re.- 
gard to  acidic  exudates," a r e  given mention a s  a probable causat ive factor .  
The  ra i s ing  of pH with lowering soi l  t empera tures  i s  a l so  noted.41 The  pH 
changes documented in  this study follow the descr ibed t rends  closely enough to  
allow the s ta tement  tha t  over  the  cou r se  of this study (1 ~ r )  no changes in pH 
have occur red  that  denote a radical  change in the makeup of the dredged ma te -  
r i a l  a s  a soi l .  



TABLE 13. One-wiy Analysis of Variance Comparing pH Variation with Time of Sampling for 
Treatment cf Plots 11. 111, and IV Soil Solution Data at Three Profile Depths 

Sample 
Depth .- Time of Sampling 

(rn) Flo t  20 Nov 17 Dec 17 Apr 16 May 13  Jun 20 J u l  9 Aug 6 Sep 11 Oct 8 Nov 

0.6 - 11 8.00 8.10 . 6 89 6.80 6.70 6.80 7.02 - 7.45 . 7.70 

Note: DHR t e a t  r e s u l t  on ' 

)leans 8.02 7.92 6.92 6.78 ' 6.78 6.76 '7.34 7.57 7.63 means ( see  t e x t ) .  Heana - 
underl ined bv t h e  same 
l l n e  a r e  not s i g n i f i c a n t l y  

I1 7.95 7.00 - 6.79 . 7.08 '  - 7.30 8.00 d i f f e r e n t  a t  t h e  99% 6.70 6.60 

111 7.85 7.10 6.E8.  6.68 6.65 6.65 6.90 - 7.10 6.8P confidence . l eve l .  

Analysis  oT Variance, Time v s  pH Change a t  Each Depth 

S a m p l r  I ) r ~ t h . ~  'Sums of Squares df Mean Squares F-Value Sip,nificance and a Level - 
.0.6 Tc ta l  6.43 26 

Sampling 'Tin~e 6.12 8 0.77 44.57 S i g n i f i c a n t  a t  a = 0.005 
Error 0.31 18 0.02 

0.9 'Total  10.50 26 
Saspl ing Time 2.99 8 0.37 0.89 Nor~signif l can t  
Error  7.51 18 0.42 

1 . 5  T o ~ a l  33.78 24 
Sanpliny T h e  3.27 8 0.41 0.21 Nonslgnif icant  
Error 30.51 16 1 .91  



T h e  r e su l t  that  no significant di f ferences  i n  pH w e r e  demons t ra ted  fo r  
the 0 .9-m depth so i l  solutions tends to. conf i rm the above conclusion a s  to  the 
c a u s e  of the s u r f a c e  pH lowering.  I t  is not to  be  expected that  mic roo rgan i sms  
o r  plant roots  would have a s  m a r k e d  an  effect on , the  so i l  m a t r i x  a t  0.9 m a s  a t  
0.6 m. 

The  l ack  of significant pH changes fo r  the  (0.9 -m) dredged ma te r i a l /  
spo i l  in te r face ,  and in  t h e  (1 .5-m) spoil  underlying the  dredged m a t e r i a l  was 
encouraging.  The  i n c r e a s  ed pyr i te  oxidation r a t e  sLggested by the  su r f ace  
da t a  f o r  P lo t  I ,  a s  d i scussed ,  was  contraindicated fo r  the spoil  su r f aces  i n  the 
t h r e e  t r ea t ed  plots by this  l ack  of significant pH change. 

I t  m a y  be useful ,  a t  this  point, t o  review s o m e  of the  l i t e r a tu re  pe r t i -  
nent to  understanding the  complexity of the  react ions  tha t  m a y  consti tute what 
h a s  thus  far been r e f e r r e d  to  a s  "pyr i te  oxidation." It i s  especial ly  important ,  
i n  a s h o r t  review of th is  l i t e r a lu re ,  to dc t c rmine  what effect placing a drcdgod 
m a t e r i a l  cover  m a y  have on pyr i te  oxidation r a t e s  i n  underlying spuil.  It m u s t  
not be  supposed,  fo r  example,  that  a dredged m a t e r i a l  cover  would completely 
ha l t  pyr i te  oxidation i n  underlying spoi l .  .Even if a cover  w e r e  a totally effec- 
t ive  oxygen b a r r i e r ,  ,acid r e l e a s e  would not be  prevented a l together ,  although 
i t  would be slowed down. The  continuation of acid production under  controlled 
oxygen exclusion conditions h a s  been demons t ra ted  exper imental ly ,  42943 a s  well  
a s  descr ibed  -mechanist ically.25 Af te r  in i t ia l  oxidation of pyr i te  has  taken place,  
f u r t h e r  oxidation m a y  take  place by react ion with f e r r i c  i ron ,  which i s  rapidly 
reduced by i r o n  pyrite.25 F e r r o u s  i ron  re leased  by i ron  pyr i te  oxidation may 
b e  oxidized to  f e r r i c  i r on  by microbia l  activity,  o r  by oxygen direct ly .  ,The 
hydrolysis  of , the  resul t ing f e r r i c  ion t o  the spar ingly soluble hydrous oxide 
f o r m  ensu re s  a fu ture  supply of f e r r i c  ion i n  solution i n  c a s e  the  oxygen supply 
is cut  off by a s e a l  over  the spoil.  In t he  complete absence  of oxygen, depend- 
ing on the oxidation-reduction s ta tus  of the medium,  e i ther  wa te r  will be  used 
a s  the  sulf ide- to-sulfa te  oxidation oxygen sou rce ,  o r  rrietallic sulfur  will be  
produced. Metal l ic  sulfur  production has  been observed.44 Aluminum, man-  
ganese ,  and copper  a l so  play ro les  in  speci t ic  pa r t s  of the  complete  oxidation 
of i r o n  pyr i te  to  f e r r i c  hydroxide and sulfur ic  acid.  Oxides of manganese m a y  
b e  an  oxidizing agent,45 while a n d  a luminum hydroxide47 a c t  a s  ca ta -  
l y s t s .  Whether o r  not t he se  labora tory  study r e su l t s  a r e  re la table  to  field . 
conditions a t  the  Ottawa s i t e  i s  not knuwn. They do i l lus t ra te ,  however,  the 
complexity. of the  possible  react ions  l l i a t  m a y  contribute to the ." .pyr i te  oxida- 
tion" p roces s .  

.'17he application -0% the dredged m a t e r i a l  may  not a l together  s top acid 
production in  the  underlying spoi l  ma te r i a l ,  but ce r t a in  concre te  and beneficial 
r e s u l t s  in  re la t ion to  the  groundwater quality m a y  be  expected: 



1. Reduction of mean temperature;  oxidation of i ron pyri te  has a 
tempera ture  dependence that i s  eightfold f o r  every 10" increase  between 5 and 
2 5°C .46 

2. Reduction of oxygen access  to the pyritic mater ia l ,  by providing 
a physical b a r r i e r  and by microbial oxygen extraction f r o m  percolating waters .  

3 .  Reduction of water  access  to the pyritic mater ia l  through con- 
sumptive use by the vegetative cover,  through the  elimination. of standing wa- 
t e r  by grading, and by a reduction in water  flow because of water  s torage~i 'n  
ove rlying ma te  rial .  

4. Reduction of the removal' of oxidation products by percolating wa- 
t e r ,  resulting in a lower total output of acid to the groundwater flow f r o m  the 
oxidation zone. 

5. Prevention of continual exposure of f r e sh  pyrit ic mater ia l  to the 
atmosphere by erosive (wind and water )  processes .  

The net resul t  of these five major  beneficial processes  will be the eventual' 
approach of a very  low steady state  of pyrite oxidation that may have no s ig-  
nificant impact on the environment beyond the boundaries of the presently. 
degraded (surface and subsurface)  a rea .  

Table 14 presents  data for  the 1 .5-m minesoil  water  to  show that. the 
r a t e  of acidification, a s  measured  by the aluminum, i ron ,  and manganese 

TABLE 14. Concen t r a t i ons  (ppm) of Aluminum, I r o n ,  and Manganese i n  t h e  S o i l - w a t e r  E x t r a c t s  
of  t h e  1.5-m Sampling Depth of P l o t s  11, 111, and I V  Analyzed f o r  

S i g n i f i c a n t  V a r i a t i o n s  ove r  Time 

Time o f  Sampling 
P l o t  20 Nov 4  Dec 17 Apr 16  May 1 3  Jun  20 J u l  9  Aug 6  Sep 11 Oct 8  Nov 

I1 113 91.5 204 14 .8  14 .1  1.96 0.57 1'.20 0 .20  17.9 
Aluminum I11 - - 136 412 4 4 9 '  60.9 769 7913 336 4 03 

I V  - 997 - 169 480 311 196 294 119 67.5 

I1 14 .6  7.36 1 .00  ~ 0 . 1 0  3 .40  0 .30  ~ 0 . 1 0  0.32 ~ 0 . 1 0  <0.10 
I r o n  111. - - 396 87.8 237 146 489 786 24 5  296 

I V  - 485 - 5 - 9 4  14 .6  14.8 6.40 7.42 1.70 ~ 0 . 1 0  

I1 32.5 29.8 46 .1  16 .9  10.0 8.89 7.95 8.24 7.93 1'3.8 
Managanese I11 - - 2 0 . 5  62 .3  58.5 27.1 90.3 99.7 38.6 74.1 

IV - 192 - 76.6 148 58.4 69.7 97.0 44.9 36.5 

Cumulative Days 
bctwcen Saltipllng 
Centered  abou t  
Zero -177 -164 -2 8  n +2 7 +6 5  185 +113 +I48 +I76 
Trend-lirie a n a l y s i s  u s i n g  r u m l a t i v e  number o f  days  between samplings,  c e n t e r e d  about  z e r o ,  a s  t h e  f i x e d  - . - 
v a r i a b l e  and t h e  c o n c e n t r a t i o n  a s  t h e  random v a r i a b l e :  I n t e r p r e t a t  ion :  

Aluminum: I I r  = -0 .646df  = 9 Decreas ing  t r e n d :  95% s i g n i f i c a n c e  l e v e l .  
I11 r 0.320 df  = 7 I n c r e a s i n g  t r e n d :  n o n - s i g n i f i c a n t  

I V  r -0.797 d f  = 7 Decreas ing  t r e n d :  95% s i g n i f i c a n c e  l e v e l .  

I r o n  : . I1 r = -0.830 df  = 9 
I11 r = 0,243 d f  = 7 

IV r = -0.847 d f  = 7 

Manganese: I1 r -0.714 df  = 9 
111 r = 0.414 df  = 7 

IV r = -0.853 d f  = 7 

Decreas ing  t r e n d  : 99% s i g n i f i c a n c e  l e v e l .  
I no rcuo ing  t r end :  ~ U L I - s i g n i f i c a n t .  
Decreas ing  t r e n d :  99% s i g n i f i c a n c e  l e v e l .  

Decreas ing  t r e n d  : 95% s i g n i f i c a n c e  l e v e l .  
I n c r e a s i n g  t r e n d :  non - s ign i f i c an t .  
Dec rea s ina  t r end :  99% s i g n i f i c a n c e  l e v e l .  



concentrations,  has  not accelerated under the dredged ma te r i a l  cover a s  i t  
has  in the  control plot.  h he lack  of a pH dec rease  over t ime has been dem-  
onstrated in Table 13.) Trend analyses w e r e  performed using the cumulative 
number of days between samplings,  centered about ze ro  to minimize bias ,  a s  
the fixed variable  and the concentrations a s  the random variable .  The  resu l t s  
(Table 14) show that in P lo t s  I1 and IV the concentrations of these meta ls  a r e  
decreasing,  while in Plot 111 no significant t rend i s  evidenced. The  missing 
values for  P lo t  III, a t  the  beginning of the study, caused the t rend analyses to  
b e  biased, giving undue weight to  the la te r  values and inflating the positive r 
values somewhat. 

Trend analyses were  a l so  performed fur  those pa ramete r s  which, 
judging from the Plot 1 data,  seerxred i~~dicat ivc  of asidifiratinn. These  pa ram-  
e t e r s  were  specific conductivity, acidity, aluminum, i ron,  manganese,  nickcl, 
zinc,  magnesium, and calcium. The resu l t s ,  in Table 15, revealed the follow- 
ing (at 2 9570 significance level): 

1. In the dredged ma te r i a l  (0.6 m ) ,  over the one-year period of the 
study . 

' a .  The  total  dissolved sa l t  concentration decreased ,  as cxpectcd 
I '  

f o r  a newly exposed surface.  

b. In Plot  11, aluminum concentration decreased;  in Plot 11, 
acidity decreased.  

2 .  In the dredged mater ia l /  spoil interface (0.9 m )  total 'd is  solved 
sa l t s ,  aluminum, i ron ,  nlarlganese, nickel, and zinc decreased for one o r  m o r e  
of the th ree  t reated plots.  

3 .  In the underlying spoil (1.5 m )  al l  the pa ramete r s  shown decreased 
in  P lo ts  I1 and IV except calcium; acidity increased in Plot  11.1. 

These  resu l t s ,  including the relative stability of calcium and magnesium levels 
in dredged ma te r i a l  soi l  waters ,  compare well with the observ.ed pH t rends  a l -  . 
ready noted in this report .  

The  magnitudes of the t r a c e  metal  concentra.l.ions in the dredged m a t e -  
r i a l  and the interface soil  solutions were  computed fo r  those values that,  over 
the year  of the study, were  measurable .  The resul ts  appear  in Table 16. It 
i s  suggested that the number of observations above detection l imits  divided by 
the total  number of observations might be multiplied against the given mean 
values if an overal l  mean f o r  the yea r  i s  des i red .  The values in parentheses 
represent  i r r igat ion water  tolerances for  long-term and s h o r t - t e r m  use.  The 
reason that water  quality c r i t e r i a  f o r  long-term use  a r e  lower than those for 
s h o r t - t e r m  u s e  is that t r a c e  metals  tend to be retained in the soil ,  resulting 
in a buildup over  t ime ;  Because we a r e  dealing with an in s i tu  soi l  solution 



t h a t  is i r r i g a t e d  only  b e  r a i n w a t e r ,  h o w e v e r ,  apply ing  t h e  s h o r t - t e r m  u s e  
c r i t e r i o n  is c o n s e r v a t i v e - j u s t i f i e d .  In  v i e w  of t h e  t r e n d s  i n  t h e  r e s u l t s  of 
T a b l e  15, it m a y  b e  concluded t h a t  t r a c e  m e t a l  c o n c e n t r a t i o n s  i n  t h e  d r e d g e d  
m a t e r i a l  d o  not  p r e s e n t  a n y  c a u s e  f o r  alarm. 

TABLE 15. Trend Analyses: Concentrat ion '  Changes over  Time 
f o r  Se lec ted  Water Qual i ty  Parameters  f o r  t h e  Three 

Treated P l o t s  a t  ~ h r e e . ' ~ a m ~ l i n g  Depths 

C o r r e l a t i o n  C o e f f i c i e n t ,  Sign,  
and Degrees of  Freedom 

Dredged Mate r i a l  I n t e r f a c e  Spo i l  
Earamet e r  P l o t  - 0.6 rn 0.9 m .1.5 m . 

Spec. Cond. I1 -0.843,4* -0.849,3 -0.868,4* 
I11 ' -0:904,3* -0.722,4 -0.408,5 

I V  -0.892,3* . -0.892,5** -0.983,4** 

Acid i ty  I I -0.702,5 -0.667,4 -0.295,6 
I11 -0.941,3* 0.670,4 0.693,7* 

I V  -0.856,3 -0.396,5 -0.:690,5 

Aluminum t I I -0.821,9** -0.625,7 -0.646,9* 
I11 -O.501,7 -0.673,8* 0.320,7 

I V  0.239,7 -0.757,9** -0.797,7* 

I r o n t  . I I -0.49.2,8 -0.011,8 -0.830,9** 
I11 0.215,8 -0.283,9 0.243,7 

I V  0.320,7 -0.852,9** -0.847,7** 

Manganese? 11 -0.426,8 -0.002,8 -0.714,9* 
I11 -0.297,7 -0.662,9* 0.414,7 

I V  -0.437,7 -0.889,9** -0.853,7** 

Nickel t  I1 0.114,8 0.190,8 -0.633,9* 
I11 . 0.071,7 -0.612,9* 0.311,7 

I V  0.473,7 -0.906,9** -0.801,7** 

Zinc I I 0.023,8 -0.413,8 -0.506,9 
111 0.033;7 ' -0.241,9 0.310,7 

I V  -0.386,7 -0.847,9** -0.898,7** 

Calc i+n I1 0.083,7 -0.1'80,7 -0.237,9 
I11 0.399,7 0.348,7 0.294,8 

I V  0.417,7 0.233,8 -0.165,8 

Magnesium ' I1 -0.182,8 -0.161,8 -0.652,9* 
I11 -0.103,8 0.046,9 -0.381,8 
1 V -0.105,8 -O.544,9 -0.723,8* 

* S i g n i f i c a n t  a t  95% s i g n i f i c a n c e  l e v e l  ., ** S i g n i f i c a n t  a t  99% s i g n i f i c a n c e  l eve l . " '  
1. Using "less than" d a t a  a t  numerical  va lue .  



TABLE 16. Trace Components i n  the Soil 'Obtained from the  Dredged Material (0.6 m) 
and Dredged Material Spoil  In te r face  (0.9 m) Zone; A Combined 

S t a t i s t i c a l  Summary f o r  t h e  Three Treatment P l o t s  

Number Above Mean Concentration Coeff icient  of 
Trace Number of Detection of Comonent i n  Number Variation ( X )  

Corn , Observations Limits Above ~ e t e c t i o n  Limits (mgll) fo r  Detected Values 
ponent 0.6 m 0.9 m 0.6 m 0.9 m 0.6 m 0.9 m 0.6 m 0.9 m 

Cu 25 28 18. 17 0.14 (0.2, 5.0) 0.21 

N i  25 27 20 26 ' 0.23 (0.5. 2.0) 1.27 ' 

Pb 25 28 10 12 0 .13(5 .0 ,  20) 0.14 

Zn 25 30 25 30 2 . 8 8 ( 5 . 0 , . 1 0 )  2.92 

*Trace element tolerances f o r  i r r i g a t i o n  v a t e r s  ( for  continuous use, 
bar ind ica tes  no tolerance has been s e t  (from Reference 31). 

fo r  shott-term use); 

T h e r e  i s  evidence that the comparing 61 soil  so lu l io i~  traco meta l  con- 
centrations to  i r r iga t ion  water  c r i t e r i a  may be  too conservative for  real is t ic  
r i s k  assessment .  Divalynt ions such a s  calcium and magnesium, fo r  example, 
will reduce potential plant uptake of a divalent t r a c e  meta l  such  a s  cadmium 
because of m a s s  action.48 

The mean  values given in Table l 6 ' f o r  the dredged ma te r i a l  and 
dredged mater ia l / spoi l  interface may profitably be compared with the mean 
va.llies for the s a m e  pa ramete r s  f rom the. spoil solutions u ~ i d t ~  thc t roatments  . 
The  means for  these solutions w e r e  calculated the same a.F: the rnlea!ls given in 
Table  16 and a r e  presented i n  'Table 17. It iu aaaily sccn that sonsid~.rabl.y 

. TABLE 17. Trace Components (ppm) i n  the So i l  Solutions 
of the Spoil Materials a t  1.5 m i n  the 

Dredged-ma t e r i a ~  'Treac~sut~L Plots* 

Number Above Mean of Coeff. of Var. % 
Trace Number of Detection Detected For Detected 

Ct:,mpanent Obcervations .. Values . 

A 1  2 5 2 5 236 101 

*Calculated i n  same manner a s  i n  Table 16. 



s m a l l e r  aluminurh, i ron ,  manganes e ,  cadmium, copper ,  nickel, and zinc con- 
centrat ions  ex is t  in  the ,  dredged m a t e r i a l  s oil solutions a s  compared with the  

' spoil  so lu t i ins .    he Table  17 com-  
TABLE 18. Water Q u a l i t y  Comparison 

f o r  Wells 1 and 2 
pa r i son  i s  a m o r e  conservat ive com- 
par i son  than the comparison..with , 

Parameter 
Well 1 Well 2 control  plot t r a c e  me ta l  concentra-  - - 

(ppm) . : x . C.V; X X '  C.V. X t ions s ince  these  w e r e  previously 
pH 7.31 3.67 6.46 4 .06  shown to  have increased  with the 
EC (mmho) 2.91 30.3 2.46 36.5 demonstrated accelerat ions  of py- 
A l k a l i n i t y  665 36.1 54.3 9 2 - 0  r i t e  oxidation that followed su r f ace  
~ c i d i t y  130 42.9 697 23e4 exposure.  
Ca 455 29.6 490 17 .0  

Mg .' 518 15.9 370 1 1 e 9  D. Quality of Groundwater 
S r  5.93 20.9 8.66 37.9 . 
Na 24 9 22.5 39.9 19 .3  The  Appendix A data  for  
K '  21.3 24.5 31.3 11.4 Wells 1 and 2 ,  a s  s u m m a r i i e d  in  
C1 25 <1 .5  87 Table  18, show two relatively s tab le  
S04 3300 27.2 3500 15 .9  and uniform groundwaters that  r e -  
A1 . ,25a 245 2.6a 143 

Fe 99a 278 2 1 7 ~  
f lect  the  fact  that  Well 1 was com- 

36.9 

Mn 3.96a 142 8.20 35.n 
pleted in  the  underclay and Well 2 in , 

Cu 0 . 1 2 ~  143 ~ 0 . 0 5  -- the St. P e t e r  sandstone ( see  Appen- 
. - 

Cr 0 . 1 4 ~  135 <O. 05 -- dix I). 

Cd 0 . 0 7 ~  204 . ~ 0 . 0 2  -- 
~i 0 . 2 2 ~  153 0.64 30.2 The  t r a c e  me ta l  content and 
Pb . 0 . 3 4 ~  126 0.13 63.4 sulfide content f o r  both wells was 

Zn 1 9 3 ~  2 58 105 5 1 a 7  init ial ly ve ry  high, but t apered  off 
CN 0.023 69.1 . 0.017 160 rapidly for  mos t  spec ies  to nea r  be-  
Hg 0.0002 247 0.0014 200 low detection l imits  for  the remain-  
TKN 3.23 . 63.2 2.58 32.8 d e r  of the sampling period.  This  
N H ~ - N  2.64 65.3 2.44 87.0 t r end  probably ref lects  init ial  con- 
N O ~ + N O ~ - N  0 .19 ,  77.2 0.19 123 tamination re la ted to  well  dri l l ing.  
~ o t .  -P ' 0.08 84.4 0.05 -- Zinc contamination  able 18)  f r o m  
P O ~ - P  0.05 -- 0.05 -.- the  well  casings was expected. - - .  
S= 7.65a 297 5 . ~ 7 ~  251 

Well 1 ended in  the underclay 
a ~ a l u e s  i n i t i a l l y  v e r y  h igh ,  t hen  r a p i d l y  dec rea s ing ,  

u s u a l l y  t o  t h e  l i m i t  of d e t e c t i o n .  and Well 2 in the St. P e t e r  sandstone 
(Appendix I). It may  be  in fe r r ed  f r o m  

the  wel l -water  da ta  that  leachates  f r o m  the overlying.spoi1 have not contam- 
inated groundwater a t  t he se  depths and locations. 



APPENDIX A 

Water ~ u a l i t y  ~ a t a  for 9 November 1977- 13 November 1978 

Data Tables 

Data for  the following 29 'parameters  a r e  given in Tables A . 1 -A.29, 
l is ted below; the tables  follow the r e m a r k s  'on data  reliabili ty . 

Acidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.l  
. . . .  Alkalinity ; . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  pH A.3 
Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.4 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Specific Conductance A.5 
. . Cyanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 6 

Ammorsia Nitrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.7 
Nitrate + Nitrite Nitrogen . . . . . . . . . . . . . . . . . . . . . .  A.8 
Total ~ j e l d a h l  Nitrogen . . . . . . . . . . . . . . . . . . . . . . . .  A.9 

. . . . . . . . . . .  . . . . . . . . . . . . . . . . .  Orthophosphate '. A.10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total Phosphorus A 11 
. Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 12 

. . . . . . .  Sulfate j .  . . . . . . . . . . . . . . . . . . . . . . . . . .  A.13 
. . . . . . .  Sulfide . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; A 14 
. Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 15 

Magnesium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A:16 
Sodiuni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.17 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pota-s s ium A 18 
Strontium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A. 19 
Aluminum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.20 
Cadmium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.21 
Chromium . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . .  A.22 
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.23 
Iron . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  A.24 
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.25 
Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . .  A.26 
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A .  27 
Zinc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A.28 
Mercury  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . A.29 

Data Reliability . 

Sulfate and n i t ra te  analyses were  subject t o  interferences in the solu- 
t ions obtained in this study . 

The n i t ra te  method required an init ial  pH adjustment that caused copious 
precipitation . Fil t rat ion did not always remove all of the precipitate.  o r  



additional precipitation would take place af ter  filtration. Repetition of samples 
gave e r ra t i c  r.esults. In November 1978, a dual-channel Technicon 11 auto- 
analyzer with capability for nitrate analysis was brought on line. This instru-  
ment seems to be capable of handling any interferences presented by these 
solutions. Analyses with this new system were  highly reproducible, even when 
repeated a month apart. 

That an analytical problem with sulfate existed was not at f i r s t  recog- 
nized, except that the f i r s t  month's samples had to be diluted and subsequently 
refil tered. Also, some minor problems with discoloration were noted. - The 
magnitude of thk necessary dilutions (16,000 ppm needed to be diluted 11400 
at least) ,  the .lack of experience with the samples, and the presence of inter- 
fering colors and possible organic interferences may explain the order  -of- 
magnitude discrepancies for a few of the samples in the f i rs t  sets  run. 
Ignoring those eight samples with ve ry  high discrepancies,  the following trends 
in the sulfate data were observed: 

'1.  ear-neutral spoil samples (1.5 m ,  Plot I) tended to be measured 
an average of 14'7'0 too high, the variance in measured value being 2.54 times. 
the corresponding calculated variance. 

2. Near-neutral well samples (W1 and W2) tended to be an average. 
of 1070 too high. for the measured value; variance for the 15 well sample 
values was 1.76 t imes the variance for the corresponding calculated variance 
value. 

3 .  Acid spoil samples, 26 in all, were an average of 1070 low on the 
measured values; 7270 of the variation in the calculated samples was matched 
by variation in the corresponding measured values. A regression equation 
describing the relationship between calculated and measured values is :  

calc. SO4 = 958 + 0.78 (meas.  SO4) (A. 1) 

[df = 25, r .= 0.85 (significant at = 0.01)] 

4. Seventy-four percent of the variance in the calculated sulfate values 
i s  matched by variance in the measured values for the dredged-material 
samples. The regression equation is:  

calc. SO4 = 1626 + 0.43 (meas. SO4) (A- 2)  

[df = 40, r = 0.86 (significant at CY = 0.01)] 

It i s  concluded f rom these calculations that in the near-neutral samples 
the e r r o r  encountered i s  not, on the average, unreasonable considering the 
100 to 1 dilutions necessary and the inherent 10% uncertaiilty of the method. 
(Standard ~ e t h o d s "  described a 9.7'7'0 relative standard deviation for 19 lab- 
oratory determinations of sulfate, for a sample that required a 1/10 dilution). 



The systematic nature of the sulfate .analytical .results for acid spoil 
and dredged material  samples seems due to negative interferences. Standard 
~ e t h o d s "  described color. and dissolved organics as  significant interferences. 
1 t . i ~  clear  that an improved method for analysis of sulfates must be found for 
continued work on sulfate analysis for the Ottawa site samples,. It i s  also 
possible that the present practice of controlling iron discoloration by the addi- 
tion of ethylenediaminetretraacetic acid (EDTA) i s  a large contributor to this 
systematic e r r o r ,  but this has not as  yet been explored. High concentrations 
of alkali metals and manganese a r e  also possible interferences. In the f irst  
2-month's sample results  there was a statistically significant (a = 0..01) 
relationship between manganese concentration and the extent of sulfate devia- 
tion. Aftcr changes were  made in the procedure (EDTA addition to control 
the metal interferences) the e r r o r s  became more syste~rratic, as described 
by the regression equations given above. 

Occasional spot checks, usually by repeating a set  of analyses, showed 
that other routine methods used in this study were acceptably accurate, with 
a mean of 10% or  less  for most of the calculated coefficients of variation. 

Examples of Symbols Used in This Appendix 

\ 

L1 = soil water sampler No. 1 

W1 = observation well No. 1 

Fll = initial runoff sample a t  flume No. 1 

FIM = midpoint or peak runoff sample at flume No. i 

FIF = final runoff sample aL I l w ~ ~ c  No. 1 

K = rai.. llfall u;rii~ple (an integra.t.ed sample over period runoff 
samples were being taken) 

Note: See Fig. 3 lolt loeation of soil-water samplers,  etc. 



TABLE A.1.  Acidity (as ppm CaC03) for Water Samples Collected during the Period 9 November 1977-13 November 1978 

WATER 
SAW= 

IESILHATION 

u 
U + W  

l DEC 
1977 

66.9 

30 UAR 
1978 

27 NOV 
1977 

17 DEC 
1977 

9 NOV 
1977 

20 NOV 
1977 

10 hF'R 
19i8 

17 APR 
1978 

42.4 

16 HAY 
1978 

Misn.  

13 JUN 
1978 

3620. 

26 JUN 
1978 

20 JUL 
1978 

194. 

26 JUL 
1978 

9 AUG 
1978 

3670. 

6 SEP 
1978 

2,780. 

11 OCT 
1978 

10.000. 

8 
1978 

3,610. 

l3 
1978 



TABLE A.2. ~ l k a l i n i t ?  (as ppm C ~ C O ~ )  for Water Sarrp1.s Collected during the Period 9 November 1977-8 November 1978 



TABLE A.3. pH for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A . 4 .  Chlcride (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TP,BLE A.5. Specific Conductance (Ctmhos/cm at  25°C) for Water Samples Collected on 9 November 1977 
and during the Period 30 March-8 ~ o v e m b k r  1978 -. . . 

u  
u + U  
U + 1.4 

. - 

-- - -  - 

6,034 
4,782 

I 
~isg,. 1 5,612 
sample 1 4,988 

I 

misg. 4490 

2960 
4240 
2900 

3640 

2600 

I 
4540 

2730 1 
I 



TABLE A.6.  C-fanide (ppm) for Water Samples Collected during the Period 9 Novembe~ 1977-8 November 1978 



TABLE A.7. .Ammonia Nitrogen (ppm) for W-ater Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.8. Nitlate + Nitrite Nitrogen (ppm) for Water Samples Collected during the Period 9. November 197'7-13 November 1978 

WATER 
S ~ L E  

DESIQUIICU 

U 

U + U  

L2 + U 
W 
U 

L5 + La 
Lb + L9  

30 MAR 
1978 

9 NOV 
1977 

F 3 ~  

F 4 ~  

F4n 
F4 P 

R 

10 APR 
1978 

20 NOV 
1977 

9.75 

9.25 

<0.10 
0.20 

0.48 

0.36 

3 . 0  f 
! 

6.0 

2; NOV 
1977 

IWTERP. 

0.34 
IYTERF. 

17  APE 
1978 

3.25  
0.80 

16 MAY 
1978 

INTERPS. 

4.98 

6 DEC 
1G77 

6.25 

13  JUN 
1978 

.90 
2.25 

<0.10 
INTERFS. 

1 
0.72 1.57 

1 <0.10 

17 DEC 
1977 

8.00 

9 A X  
19'8 

1.37 

2.25 

4.75 

0 . 4 0  

8.25 ' 5.50 

INTERP. -! 
0.90 

: 1.13 

26 JUN 
1978 

6 SEP 
1978 

0.62 

2.80 

<0.10 

20 JUL 
1978 

0.42 

5.25 

7.25 

6.00 

2E. .BJL 
IS78 

11 OCT 
1978 

cO.10 

2.24 

15.5 
18.0 

8 NOV 
1978 

cO.10 
2.56 

52.8 

(0.10 

13  NOV 
1978 

- 



TABLE A.9. Total Kjeldahl Nitrogen (ppm) for Water Samples Collected during the Period 9 November 1977-8 November 1978 



TABLE A .lo. Orth~p't~osphate (?pm) for Water Sariples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.ll. Total Phosphorous ,(ppm) for Water Samples Collected during the Period 9 November 1977-8 November 1978 



TABLE A.12. Concentration of Silica (ppm) for Water Samples Collected during the Period 9 Sovernbe:- 1 7  December 1977 



TABLE A.13. Sulfate (ppm;! for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.14. Sulfide (ppm) for Water Sample: Collected during the Period 9 November 1977-8 November 1978 



TABLE A.15. Concentration of Calcium (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.16. Concentration of Magnsium (ppm) for Water Samples Collected during the Period 9 N.~vember 1977-13 November 1978 

17 DEC 
1977 

1.070 

10 APR 
1978 

4 DEC 
1977 

3,390. 

12.2 I I 

30 MAR 
1978 

.I7 IPR 
19:8 

1110 

WATER 
SAMPLE 

DESIGHAIlON 

u 
u + ~3 

F31 

=ti 

p 3 ~  

P 4 ~ p .  

51 
P4 P 

R 

16 UAY 
1978 

605 

9 NOV 
1977 

20 NOV 
1977 

3,660 

27 NOV 
1977 

4,290 

35 

13 JUN 
1978 

10 

20 

998 

26 JUN " 
197B 

31.7 
9.63 

q 6'. 
17.7 

8.1C 

7.45 

26.1 

968 

8 NOV 
1978 

1,820 

I 
I 

6.33 ! 
1 

2.62 
I 

13 NOV 
1978, 

6 SEp 
1978 

1,380 

2 . 6 2  

2.07 

11 OCT 
1978 

1,700 



TABLE A.1.7. Concentration of Sodium @pm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.18. Concentration of Potassium (ppm) for Water Samples Collected during the Period 9 November-13 November 1978 



TABLE A.19. Concentration of Strontiunr (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.20. Concennation of Aluminum Qpm) for Water Sainples Ccllected during the Period 9 November 1977-13 November 1978 

20 
1978 

319. 

17 OEC 
1977 

173. 

WATER 
SAWLE 

DESIGNATION 

~l 

u +  u 

26 mL 
1976 

30 MAR 
1978 

16 UAY 
1978 

217. 

1978 

484. 

10 APR 
19:8 

9 NOV 
1977 

13 J W  
1978 

453. 

1- API 
..978 

2 1  NOV 20 NOV 
1977 

68.0 

26 
1978 

4 DEC 13 NOV 
1978 

6 SEP 
1978 

474. 

1977 , 1977 

203 1 
1 125. 

11 OCT 
1978 

683. 

8 NOV 
1978 

455. 



TABLE A.21. Concennation of Cadmium (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 -- . - - 



TABLE A.22. Concentration of Chromiuni (ppm) for Water Slmples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.23. Concentration of Copper (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 
-. 

WATeR 
SAWLE 

DESIGNATION 

U 

L +  1.3 

9 NOV 
1977 

-- -. . - -- - 

20 NOV 
1977 

0.35 

17 DEC 
1377 

0.19 

2? NOV 
1977 

C.29 

6 DEC 
1977 

0.18 

3C W 
1978 

1 0  APE 
1978 

17 APR 
1978 

16  MAY 
1978 

0.26 

13 JUN 
1978 

0.13 

26 JUN 
1978 

20 JUL 
1978 

0.58 

26 JUL 
1978 

g AUG 
1978 

4.33 

6 SEP 
1978 

0.31 

11 OCT 
1978 

0.43 

8 NOV 
1978 

0.27 

13 NOV 
1978 -- 



TABLE A.24. Concentrhtio~ of Iron (pprnj for Water Samples Collxted during the Period 9 ~ o v e m b e r  1977-13 November 1978 



TABLE A.25. Concentration of ~ a n ~ a n z s e  (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.26.  Concentraticn.of Nickel (ppm) for Water Samples Collected during the Period 9 Yovember 1977-13 November 1978 

l3 
1978 

20 .NL 
1978 

6.49 
0.20 

0.10 
0.20 

"F 

F4 I 

F4 n 

R 

1 0  APZ 
1978  

WATER 
SAIIPLE 

OESICNATION 

~1 

U + L3 

~2 + L1 
1.3 

L1 

L5 + L8 

Lb + L9 

L7 

~7 + L ~ O  

L8 

L9 

L10 

Ll1 + L14 

~ 1 2  

~ 1 2  + L ~ S  

L l 3  

L13 + L16 

26 JUL 
1473 

- 

1 7  OEC 
1977 

6.06 
.<O. 05 

<0.05 
<0.05 

<0.05 
0.45 

<0.35 

10.25 
<0.35 

10.05 
, <0.05 

0.30 , 

0.10 

0.30 , 

3.00 

0.10 
0.40 

7.19 
I 
I 

I 

1 7  bJR 
1YT8 

3.94 

30 MAR 
1578  

L14 

L lS  

L16 

L17 + LZO 

LIB + ~ 2 1  

L19 

u 9  + ~ 2 2  

L20 

L2 1 

LZ2 

L2 3 

9 NOV 
1977 

3 AuG 
1978 

5.40 

Ce.20 

'3.40 
0.35 

1 .05 

1 .05 

0.50 

0.20 

5.45 

0.55 

3.75 

0.40 

0.40 

0.30 

0.35 

3.97 

0.40 

0.30 

5.50 

1 6  M Y  
1978 

3.53 

10.05 
0.81 

20 NOY 
1977 

7.00 

0.05 

0.14 
0.18 

2.89 

0.11 ; 

G.63 

0.32 

0.23 

1.89 

0.13 

1.53 

I 

1 .05 

< .OS 

SEP 
1978 

9.75 
0.37 

0.15 0.1.9 

1.!7 

0.50 

0.61 

5.24 

,. 0.39 
3.72 

4.03 

0.38 

9.31 

o.71 

5.37 

0.55 

0.20 

1 3  JUN 
1978  

4.98 

1.53 

0.96 

0.11 

3.03 

27 NW 
1977 

5.62 

6.66 

10.05 

C.32 1 0.51. 

l1 OCT 
1978 

10.8 
0.26 

10.05 

0.14 

26 
1978 

4 DEC 
1977 

5.24 

10.0: 

.1.8? 

1O.gj 

1978 

10.4 
0.37 

0.14 

0.21 

0.41 

0.08 

0.34 

3.41 

0.16 
0.39 

2.41 

O.EO 

6.71 

0.64 

0.18 

0.59 

4.31 

0.36 
0.40 

1.39 

10. 05 

2.74 



TABLE A.27. Concentration of L e ~ d  @pm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.28. Concentrltion of Zinc (ppm) for \\later Samples Collected during the Period 9 November 1977-13 November 1978 



TABLE A.29. Concentration of Mercu:y (ppm) for Water Samples Collected during the Period 9 November 1977-13 November 1978 



APPENDIX B 

Meteorolorrical Data 

Rainfall data for the stu.dy were collected and reported by P. Johnston, 
an amateur meteorologist living in Ottawa. The rain gage used was located a 
distance of approximately one-third mile from the demonstration plots. 

With respect  to the needs of this study, with only one individual respon- 
sible for collecting daily 8 a.m. readings, there i s  a likelihood for e r r o r s  of 
omission, of failure to read at  the exact t ime, o r  failure to read accurately 
dnring adverse weather. An evaluation was made, therefore, of the accuracy 
and reliability of the observed data, usilig data abstra~t .ed.  f rom appropriate 
volumes of the U. S. Environmental Data Service's publication Climatological 
Data, and the data of Appendix C, following. - 

I t  i s  a well-established pldct ico in hydrnlogy and meteorology tu C u l r j -  

pare  weather data for  stations within a given climatological region by using 
1inea.r correlation for  monthly rainfall averages over a period of many yearu. 
Such details a s  the approximate time a ra ia  gage was rnnved f rom a central 
city to an airpnrt  location may be discovered by detecting a change in the slope 
of the linear regression lines comparing data for the years bcfore and after 
the move. 

Weather service gage readings a r e  reported for a midnight-to-midnight 
day, o r  for  an 8 a.m.-to-8 a.m. day, depending nn the type of gage and thc type 
of facility. Similarly, the recently installed recording rainfall gage at the dem- 
onatration .c;.i t e  13 reported on a mj dnight- to-illidnight bas is ,  while the gage 
tended by Mr.  Johnston was reported daily at 8 a.rli. 

Day-to-day readings between the two onsite gages may, therefore, 
vary  significantly for  day-to-clay readings. A 1/2-in. (1 3-mm) sturin that 
began at 6 a.m, and ended a t  10 a.ill. would be recorded over two days by the 
manual gage arid ovcr une day hy the recording gage. Simrlilarly, a 10 p.m. -to- 
2 a . m .  s to rm would be reported a s  rainfall over two days by the recurdii~g 
gage and a s  rainfall on a single day by the r~ lc r~~ua l  gage. 

From these considerations i t  may be seeli, huwever, that rainfa.11 
values reported for  a total event would overccmc tliiti 8-h d.iscreganc.y. Col- 
lecting daily data into single rainfall (or  snowfall) event totals also alleviates 
the dissimilarities that may be imposed by the time of ar r ival  and departure 
of a s torm for two stations a t  some distance froni each other. Large s torm 
systems that may affect an a rea  for longer pcriods of time a r e  likely to display 
highly localized variations in precipitation intensity. Comparing rainfall data 
per  event for  stations affected by the same large system, rather  than comparing 
per  time increment, will serve  to smooth out time-dependent variability and 
leave only the s to rm spatial variability a s  the significant variable affecting the 
amounts of precipitation reported. This i s  the same result  a s  i s  obtained by 
taking cumulative precipitation data over a longer period of t ime,  such as 
monthly cumulative average comparisons over decades. 



In addition to compiling meteorological data in t e rms  of total single- 
event values, three stations.were considered in an analysis of the rainfall data 
obtained so a s  to provide a check on the comparison method before i t s  
application. 

Table B.l gives the daily r,eported precipitation amounts for rain gages 
a t  Marseilles Lock, Ottawa, Illinois, and Utica-Starved Rock Dam, Illinois. 
Marseilles Lock i s  approximately 8 miles east-  southeast of Ottawa, while 
Utica-Starved Rock Dam i s  approximately 11 miles west-southwest of Ottawa. 
All three  stations a r e  located within the northeast climatological division of . 
Illinois. 

Table B.2 presents  snow depths and water equivalents reported for the 
Ottawa weather station during the winter of 1978. Discounting snows that fell  
on days during which temperature rose  above freezing, the snowlwater depth 
ratio i s  shown to be 12.8. This ratio was used to convert snow depths to their 
water equivalents for snow data reported for the gage tended by Mr. Johnston. 
Daily rainfall for this gage over this study i s  given in Table B.3, together with 
data from the recording gage at the demonstration site that came on line in 
August 1978. 

P e r  event rainfall totals for al l  five stations a r e  given in Table B.4. 

F rom Tables B. 1 and B.4, one may infer that there were some omis- 
sions in Mr.  Johnston's reports .  In part icular ,  the December 1 ,  1977, and 
January 1 ,  1978, s torms appear to have been missed,  a s  well a s  August 16 
and October 18 s torms of 1978. 

These four missing values were  estimated to be the mean of two est i-  
mated values obtained using three-way linear correlations between 
Mr. Johnston's gage and the gages a t  Marsei l les  Lock and Ottawa and the 
recording gages installed later  a t  the study site. Three-way linea'r correla- 
tion analysis was performed to check the r~lethod of reporting station com- 
parison. The resul ts  appear in Table B. 5. 

F r o m  Table B.5 i t  may be seen that 97% of the variability in the 
Ottawa data correspond to variability in the data f rom Marseilles and Utica. 
The regres  sion line equation shows the intercept to be close to zero ,  sug- 
gesting that there i s  ve ry  little, i f  any, systematic difference between the rain- 
fall amounts of these three  stations, a s  i s  supported by the simila.rity in  the 
totals shown for  the 70 events. The higher coefficient for  the (A) Marseilles 
data a s  compared with the coefficient for  the (C) Utica data suggests that 
Ottawa rainfall variations correspond more  closely to Marseilles ' than to 
Utica rainfall variations. This i s  confirmed by the higher covariance for  the 
Ottawa-Marseilles (AB) data a s  compared to Ottawa-Utica (BC) covariance. 
(Note that covariances a r e  not commutative.) 



TABLE 8.1. Total Daily Precipitation, Marseilles Lock/Ottava/Utica- 
Starved Rock, Illinois 

77 7 7 7 7 78 78 78 78 
Day oc t NOV Dec Jan ' Fe b 'Mar A P ~  Da Y 

1 1.43/1.46/1.02 .35./ .38/ .42 .60/ .50/ .35 .31/.28/.52 IT 1 
2 .77/ .20/ .54 TI 1 T .011 1.01 .01/ ~1.02 .05/ .I71 .35/ .34 2 
3 .Oll I T .02/ .I21 .07/ .I3 .22/ 1 .01 3 . . 4 .031.06l.Ol TI .05/ T 4 
5 .OSl .02/ .02 I I T .05/.02/.04 .05/ TI .03 5 
6 .24/ .I61 .35 TI I 1.15/1..17/ .98 6 

78 78 78 78 7 R  78 78 
Day lln j Jun ,111 1 A t y  Scp Oc t Nov Da Y - v 
1 .03l 1 .04 .031 1 
7 .69/ .I11 .22 TI .02/ T 2 
3 .n?l 1 .02 TI I .52/ .46/ .38 3 

s.. 

30 I 41 .311 
30 

31 4.011 TI .01 31 

. ~- 

29 1 .Oh/ . TI 29 
30 .TI .09/ .05/ .I51 .04 I -15 .44/ ,401 .36 TI 1 .01 30 
31 t 31 

Totela 4.25!4.21/5.38, 5.)6/4.7013.57 1.0312.17/1.37 5.0415.3416.17 1.9411.9911.99 2.3212.6712.56) Totale 

Totals 3.6013.9113.39 

4 t Continued to or from n u t  or preceding ~ n t h  in the determination of storm event precipitation totala. 

2.2411.5911.55 2.2311.8611.40 1.041.981.92 .62/.49/.46 4.28/&.i2/4.3~ .98/1.2811.05 l ' d l a i ~  



TABLE B.2. Water Equiva len ts  f o r  Snowfal ls  a t  t h e  Ottawa Weather S e r v i c e  Gage 

Nov Dec Jan  Feb Mar 
1977 1977 1978 . 1973 1978 

Day Snow H 2 0  Snow H2° Snow H ~ O  
Snow 1120 Snow 

H2° 

1 4.0  0 . 2 ~ ~  0 . 3  T 
2 2.0 0 . 5 f  0 .4  T 0 .6  0.05 
3 0 .5  0.02 1.0 0.07 
4 1 . 0  0.06 
5 1 . 0  0 . 1 2 ~  0.2 0.02 
6 2.0 0.16 
7 . - 
8 4.5 0.36 
9 

10 
11 
12 1 .5  0.12 
1 3  1 .5  0.08 4.0 0.36 
14 0 .5  0.05 0 .3  0 . 0 2 ~  
15  
1 6  
17 
1 8  
19 0.5 0.01 
20 1 .0  0.06 
21 
2 2 
23 0 .3  0.01 
24 0.5 0 . 1 0 ~  
2 5 3.5 0.32a 
2 6 3.0 0.23 
2 7 2 . 5  0.25 
2 8 
29 ' 
30 . 

3 1 0.3  T 
- - 

a 
Temps. a t  o r  above 32OF during t h e  day, numbers no t  used. 



TABLE B.3. Total Daily .P:ecipitation, Mr. Johnston's Demonstration Site Gages 

Nov Dec Jan Feb Mar Ap: M'ay Jun .Jul Aug Ssp Oc t Nov 
77 7'; 78 78 78 78 78 7 8 7 8' 7 8 78 7 8 78 

0.16/0.06 

0.5810.45 

end of 

record 

10.07 

10.14 

10.01 

10.01 

end of 

record 



TABLE B.4. Total Precipitation per Storm Event: Comparisons for the Five Rain Gage Stations 

Event Oct Nov Dec Jan Feb Mar Apr Yay Jun Jul Aug Sep Oct Nov 
No. 1977 1977 1977 ' 1978 1978 1978 1978 1978 1978 1978 1978 1978- 1978 1978 

1 A. Marseilles 1.J3 -1.13 0.GO 0.32 0.10 0.12 2.71 2.93 0.21 .0.80 0.07 0.15 0.52 0.52 
E. Ottawa 1.46 0.89 C.50 0.28 0.10 0.12 2.68 1.82 0.39 0.46 0.09 0.47 0.46 0.74 
C. Utica 1.02 0.96 q.35 0.52 0.08 0.13 2.81 2.02 0.33 0.32 0.15 0.45 0.38 0.60 
D. Deblb Export - - *(0.48) *(0.26) 0.12 0.01 1.49 1.32 0.31 0.48 0.15 0.34 0.43 0.56 

(2.4R) 
E. Demonstration Site - - - - - - - - - - .44 .51 * 

3 A. 0.98 0.02 0.40 0.21 0.02 0.25 0.63 0.12 0.71 * 0.24 0.15 0.07 0.55 
B. 1.04 * 0.36 0.25 0.01 0.22 0.58 0.04 0.52 0.05 0.33 0.10 0.08 0.57 
C. 1.04 0.01 0.35 0.21 0.02 0.15 3.57 0.10 0.30 0.34 0.53 0.04 0.53 , 

D. - - 0.47 0.32 * 0.17 0.51 0.10 0.29 * *(0.27) 0.11 0.07 0.74 
E. - - - - - - - - - - 0.53 0.09 0.42 0.51 

4 A. 0.15 0.19 0.02 0.04 0.51 T 3.18 1.01 0.05 0.44 0.06 0.51 
B. 0.18 * 0.01 0.07 0.61 0.09 2.83 0.95 0.67 0.40 0.10 0.56 
C. 0.16 0.01 0.01 0.04 0.51 * 2.02 1.88 0.34 0.36 0.04 0.51 
D. - - A 0.09 0.24 * 2.35 1.05 0.45 0.38 T *(end of 

record) 
E. - - - - - - - - 0.54 0.48 0.51 

0.17 0.53 0.19 0.37. 
1.00 0.52 0.20 0.35 
0.99 0.32 0.16 0.43 
0.24 0.51 *(0.17) * 
- 0.56 0.17 0.23 

(end of 
record) 

T = Trace Reported 

* = End of Repcrt: Hissing Data or KO Rainfall 



TABLE B.5. Threeray Linear Correlatiop for 
Stations* A, B, and C of Table B.4 

Total Events Compared: 70 

Degrees of Freedom: 69 

Coefficient of Determination, R~ = 0.97** 

Equation of Regression Line: 

B = 0.07 + 0.63A + 0.26C 

' Covariances : 

sLB = 1.30. SBC = 1.01. SAC = 1.01 

Sums of the 70 Events (inches): 

A = 38.71, B = 39.98. C = 41.27 

*A: Marseilles Lock, Ill. 
B: Ottawa, Ill. 
C: Utlca -- Starved Rock Dam, Ill. 

++ 3lgnifioe~r at the  99% confidence level. 

I r 1 
+S = nli (1 xiyi - 1 riyl:l. yyllunttriaal in x 

XY i 
and y. 

Data of Table B.5 i~nply  111d1: valid event co.mparisons may be maae for 
precipitation totals over relatively short periods of time using linear ~taLi~Lica1 
relationships. 

There were 54 events in which rainfall was reported for the Marseilles 
Lock, Otitawa, and Mr.  Johnston's gages. Linear multiple correlation compar- 
ing these three statlolls gavc the results reported in Table B.6. 

T.ART,E B. 6. Three-way J.inear6 Correlation for 
Stations* A, B, dad D of Table R.4 

--- ~ ~ 

Total Events Compared: 54 

Degrees of Freedom: 5 3 

2 * * Coefficient of Determination, R = 0.91 

Equation of Regression Line: 

D = -0.01 + 0.18A + 0.70B 

Covar.i,ances : 

Sm = 0.88 SRD = 0.88. SAB = 1.00 

Sums of the 54 Events (inches): 

A = 31.33 B = 33.09 D = 28.09 

*A: Plarseilles Lock, Illinois. 
B: Ottawa, Illinois. 
D: Mr. Johnston's gage, 113 mile east of study 

site. 

**Significant at the 99% confidence level; 9% of 
Mr. Johnston's gage data variance did not cor- 
respond with variance in the data from the 
Marseilles and Ottawa stations. 



Table B. 6 shows that, although the regression was highly significant, 
the regression equation i s  not a s  good a predictor as  i t  was in the case  of the 
three official stations reported in Table B.5. 

The regression equation does have an intercept very  close to zero, 
however, and the coefficients suggest a much greater  affinity between 
Mr. Johnston's data and the Ottawa data a s  opposed to the Marseilles data. 
The affinity i s  expected from the relative distances between the three rain 
gage locations. Yet, covariances do not bear out this conclusion, suggesting 
that variances did not correspond to the same extent between Mr. Johnston's 
gage and the other two gages. The statistical implication of the information 

' i s  that there a r e  some unique single-event totals in Mr. Johnston's data that 
do not have parallels in the Ottawa o r  Marseilles data. The f i r s t  event in 
April and the f i rs t  and second events in May a r e  illustrative cases. 

A comparison of data in Tables B. l  and B.3 for these three events 
shows that there a r e  good reasons to suspect missing data for April 2 and 
6, 1978, during the f i rs t  of the three suspect events, and an estimated value 
i s  given for this f i rs t  event. On the other hand, there i s  no equally good reason 
to suspect the data for  the f i r s t  two storms of May 1978, and no estimated 
values will be computed. Note in Table B.4 that the official recording station 
at  Utica-Starved Rock reports a value even higher than the one in  question, 
suggesting a highly variable storm system rather than a reading e r ro r .  

A comparison was made between the data from the recording rain gage 
a t  the demonstration site and the data from Mr. Johnston's gage for the period 
of events in which either or  both recorded rainfall. Results appear in Table B.7. 

Comparison 1 in Table B.7 implies that the values reported for the 
two gages nearest  the site a r e  very similar and, separately, they a r e  also 
very similar to the Ottawa site gage. Comparison 3 of Table B.7 shows that 
for the 20 events during which Mr. Johnston recorded rainfall, his data cor-  
related almost perfect1.y with thc eoi-rlLined Marseilles and Ottawa gages. Data 
from the demonstration site gate did not compare a s  well over the same period, 
however. Inspection of the data in Table B.4 shows a large discrepancy for 
the demonstration site gage total for the second s torm event in  September. 
This discrepancy is  responsible for the reduction in the correlation. It  i s  
likely that the demonstration site total i s  in e r ro r  for this particular total. 

The regression equations for the precipitation values from 
Marseilles Lock and Ottawa gages versus  Mr. Johnston's gage (Table B.6 
and Comparison 3 of Table B.7) were used to estimate the five values for 
Mr. Johnstpnls gage that appear to be in e r ro r .  The mean of the two estimated 
values was taken a s  the best estimator and was entered in parentheses in 
Table B.4 for each questioned event. 



TABLE B. 7. Comparisons between M r .  Johns ton ' s  Rain Gage ' (D) 
and t h e  Demonstration S i t e  Gage (E) 

Comparison 1. Pe r  Event To ta l  R a i n f a l l  C o r r e l a t i o n  between t h e  D and E  
Gages : 

Number of Events  = 15,  14 deg ree s  of freedom 

Regression ~ o e f  f  i c i e n t  = 0.985 ( s i g n i f i c a n t  a t  99% 
conf idence  l e v e l )  

C o e f f i c i e n t  of Determinat ion = 0.97 (97% of v a r i a n c e  
i n  common) 

Regression Equation: E  = 0.17 + 0.60D 

Comparison 2 .  C o r r e l a t i o n  w i t h  Ottawa (B) Weather Se rv i ce  Gage, Sepa ra t e ly ,  
1 5  Events: 

a,. M r .  J ohns ton ' s  gage vs. Ottawa gage - 
r = 0.996 

D = -0.02 + 0.97B 

b. Demonstration s i t e  gage v s .  Ottawa gage - 
r = 0.988 

c .  Weather Se rv i ce  gage comparisons f o r  t h e  same 15  - 
even t s  ( t o  a i d  i n t e r p r e t a t i o n )  

1. M a r s e i l l e s  Lock (A) v s .  Ottawa (B) 

2 .  Ottawa (B) v s .  Ut ica-Starved  Rock Uat11 (C) 

' r  = 0.989 . i 

' Comparison 3. .Mu l t i p l e  Linezr  C o r r e l a t i o n  of Ottawa and M a r s e i l l e s  Gages 
vs: M r .  J ohns ton ' s  Gage and t h e  Demonstration S i t e  Gage: 

a .  DeKalb Exp. Co. gage,  20 eveuL3 - 
2 

R = 1 .00  

b. Demonstration s i t e  gage,  17 e v e n t s  - 
2 R = 0.96 



Table B.4 values for Mr. Johnston's gage, including the five estimated 
values, were used as  the..l1site1! rainfall data in this report. .Other meteoro- 
logical data used in the report include daily mean temperatures, daily high 
temperatures a t  o r  below freezing, and daily high temperatures near freezing. 
These values were abstracted from the published daily high and low tempera- 
tures for Ottawa. Mean values were taken a s  max + min/2, and daily highs 
a t  or  below 32OF; and daily means at o r  below 32°F determined freezing o r  . 
near-freezing days for the purposes of this study. For  missing values in the 
Ottawa record, values for Peru,  ~ l l ino is ,  approximdtely 15 miles.wkst of 
Ottawa, were substituted. Each tabled value was placed in parentheses to 
denote an estimated value. , Temperature data, as  used for the site, a r e  g.iven 
in Table B.8. 

Use was made also of the daily evaporation rate at the Hennepin 
Power Plant, about 32 miles southwest of Ottawa. Pan evaporation i s  a func- 
tion of temperature, relative humidity, and wind. Using Hennepin Power Plant 
pan evaporation rates as  approximate evaporation rates for the demonstration 
site assumes an approximate equality for the averages of these three variables 
and their interactions between these two sites over the period of interest.  
Values appear in Table B.9. 



TABLE B.8. Mean Dail>- end Monthly Tempera tu res  fo: Ottawa,  l l l i n o i s  

Nov Des Jan  Feb Ma: A P ~  MaY Jun J u l  Au l e p  Oc t Nov 
1977 19; 7 1978 1978 1Fi8 1978 i978 1978 1978 1978 1978 1978 1978 

1 61 37 24" 14 ?'a 5 9 4 6 7 7 8 0 73 74 59 48 1 

2 65 35 9 14 23 42 48 7 0 8 3  76 7 5 61 55 2 
b 

3 64 25." 14 14 23 " 59 50 - 67 74 7 1 7 9 63.  5 9 3 

4 58 ' Z L ~  27a 1 3 ~  E~ 64 5 2 LC 14  69 7 0 54 (65) 4 - 8  

5 55 33 a 3 5 1 5 ~  14 47 44 70 76 7 0 74 59 64 5 
b 

6 58 1 3  .33 8 30' 57 4 9 75 8 0 71 77 51 55 6 

7 59 7 36 1 3 ~  303 58 52 78 8 0 7 4 8 0 50 43 7 

8 60 17 21a 18 32 a 56 61 68 76 . 7 1 8 1 4 9 4 6 8 

9 55 9 ob  21b 28" 58 60 (67) 7 6 79 8 1  59 (53) 9 

10  39 .- 1 3 2 0 3 5 5 6 59 67 67 73 (78) 63 5 3 1 0  
b b 

11 3 5 6 i 9 j h  zu :36: 5 2 6 7 78 68 75 82 57 4 9 11 
b 

12 3za 27a 14 26a 39 59 7 0 80 (70) 7 7 80 59 4 5 12 

26b 1 3  (31) a 38 l g h  3 5 48 61  63 78 7 8 83 52 54 . 1 3  

14 (44)  3 3 2zb 37 46 46 66 72 79 80  4 8 46 14 

1 5  53 3 5 1 2 ~  23b 27 49 5 5 73 78 8 3 72 48 36 1 5  

16 47 4 0 1 3 ~  1~ 3: 4 7 58 7 5 74 78 78 50 38 1 6  

17 4 2 50 1 7 ~  11 3on 4 4 60 8 0 7 6 74 74 4 7 4 7 17 

18 4 3 44 l a b  12 3za 5; 66 79 78 8 2 75 52 45 18 
b 

1'9 42 38 25b l z b  4 2 51 68 71  8 1 78 82 50 38 i 9  

2 0 5 i  29' 23b 1 7 ~  43 4 1  73  7 6 (83.1 69 8 2 58 . 3za 2 0 

38 ~4~ 1 4 ~  16  
b 

21 44 45 (64) 67 , 82  69 67 66 2 gb 21 

.2 2 ( 3 ~ ) ~  2 sb l z b  14 51 44 60 7 0 8 1  77 59 ' (59) 3za : 2 2 

~3~ 2 6 
b 

2 3 (37) 33 LB 5 9 6 7 7 4 76 (74). 61 (59) 38 23 

24 35 31a . 2aa 33 4 c; 56 6 7 7 7 i r )  78 65 47 35 24 

1 5 ~  ~6~ 32a 
h 

2 5 24a 3 1 55 74 8C. 7 3 75 63 55 3 la 25 

llt 
b 

1 7 ~  
b 

2 6 1 1  2 1 33  3 3 80 8 0 77 (77) 62 50 35 26 

2 7 2zb 7 6' 23' 3 3 54 60 8'3 K 7 8 62 52 3 5 27 

l a b  b 
28 19 gb 2 9' 50 5 8  77 i 3 11 79 58 4 9 2 ga 28 

21b 
a 

7b 46 60 7 9 3 7 2 62 (53) 31a 29 2 9 51 : € 

~5~ 
a 

gb 7 6 E 1 30 25 L 6 50 3.  7 3 h 7 (56) 2 6a 30 

31 3 oa l z b  6 1 75 38 71 5 1 31 

tionthly 4 i .  0 25.2 17.3 1.3 .9 35.4 53 .0  62.5 -3.7 3f 3 74.7 72.5 54.2 42.2 

t ~ e n o t e s  a "near f r e e z i n g  day,"  a mean a t  o r  below :=2'F j u t  a h i g h  above 3ZCF. 
Denotes  a f r e e z i n g  d a - ,  with  a high a t  or  below 3YT.  

YOTZ: ( )=es t ima ted  v a l u e ,  u s i n g  Peru, I L ,  d a t a  



TABLE B. 9. Evaporation Rates in Inches per day for the 
Hennepin Power Plant, Illinois 

Nov A P ~  May Jun Jul Aug Sep t . Oct 
Day 1977 1978 1978 1978 1978 1978 1978 1978 Day 



APPENDIX C 

Liquid Precipitation and Air Temperature a t  the Ottawa Site 
a s  Measured by the Argonne Instrument Package, 

Augus t-November 1978 

by 

L. S. Van Loon* 

Argonne' s Instrument Package 

A rain gage, thermistor,  and electronic recording package were in- 
stalled a t  the si te  on August 9, 1978, and the package has recorded rainfall 
dnd tcnlpera.hl re au t~mat ica l ly  since that time. A brief description of the 
sys tem follows. 

A Meteorology Research, Inc. (MRI), Model 302, tipping-bucket rain 
gage i s  used to sample precipitation. This rain gage collects precipitation 
in a 7.86-in. (200-mrn) diam collector tube and funnels the precipitation to a 
tipping- bucket mechanism. The tipping bucket overbalances and tips once for 
every 0.01 in. (0.25 mm) of precipitation. Tipping of the bucket is sensed by 
the reed switch mounted 11ea a magnet on the tipping-bucket mechanism, 
which produces one switch closure for every tip of the bucket (0.01 in. of 
rain). The switch closure produced is ideally suited for recording rainfall 
events on a data recorder available at  Argonne National Laboratory (ANL). ** 
Tlle recording package is  described later.  

Thc rain gage (Fig .  C. 1) i s  installed a t  the experimental s i te  atop a 
vertical,  8-ie.-diam pipe of 8-ft. length. This pipe proQides a rigid mount for 
l l le  rain gone and a convenient, tamperproof h ~ u s i ~ l g  for the el e t t ru~ l i c  seeording 
package used with the rain gage. The pipe is burierl i~pproxirnatel~y 4 f t  deep 
in the middle of one of the dikes that separate the four experimental plots. 
Pipo extending above the ground is wrapped wit11 aluminum foil ( ~ i g .  C. 1 )  to 
keep a moderate temperature within the plpe culrlcrilling the rornrding package. 

The recording package was designed for use with water-current meters.  
It  records on magnetic- tape cassettes and uses a c u l l u i ~ e ~ ~ i ; b l l ~  8va.ilable 
digital- slepping cassette recorder (Memodyne Model 20 1) with conditioning 
elcctronicb dpsigned at  Argonne. The recording package has onc digital 
and two analog inputs available for use. 'l'he digilal channel is dcsigwed 
to count sequential switch closures and is  used to count events f rom the 
MRI tipping-bucket rain gage. One analog channel is used with a Yellow 
Springs Instrument Type 44012 bead thermistor to record temperature. 
The electronics uses low-drain integrated circuitry which is powered 

*~ngineering Specialist, EES Division, Argonne National ~aborator~.' ** L. S.  Van Loon, A .  A. Frigo, and R. A. Paddock, 1978, Argonne National Laboratory's Thermal Plume Measure- 
ments: Instruments and Techniques, Argonne National Laboratory Report ANL/WR-77-4, 63 pp. 



bvninealkaline "D-cellsM inse r i e s  that 

I provide a 12-V power supply. The re- 
cording package counts switch closures 

I 
from the tipping-bucket rain gage for 
an 8-min period and records the total 
for the period on the cassette tape. 
Temperature i s  instantaneously sampled 
and recorded every 2 min during the 
8 -min sampling interval. Cassette tape 
capacity and battery life allow three 
months unattended operation at  the 
8-min sampling interval. The cassette 
tape is usually replaced monthly to 
ensure that the sys tem is operating 
properly. 

A cylindrical, polyvinyl chloride 
(PVC) waterproof vessel of 6-in. 
(152-mm) diam and 20-in. length houses 
the recording package and battery. The 
vessel is provided with a waterproof, 
bulkhead- feedthr ough connector that 
accepts the rain gage signal and tem- 
perature signal cables. This vessel 
is  inserted in the rain gage mounting 
pipe described earlier and the rain 
gage i s  mounted atop the pipe. The 
thermistor i s  contained in a small, 
protective stainless steel tube molded 
to the end of a two-wire cable. The 
resulting temperature sensor is  mounted 
on the side of the support pipe in a 

I convection- a.s pir atcd iuuunting fixture 
(Fig. 

d Data Reduction and Display 

I Raw data recorded on the 
magnetic-tape cassette are  transcribed 
at  the laboratory onto seven-track 
magnetic tapes for reduction by 

Fig. C.1. Rain Gage Atop Mounting Pipe and Argonnel s IBM Model 3 701 195 computer. 
Thermistor Fixture to Right-hand A computer program that contains the 
.Side necessary calibration information allows 

the computer to reduce the raw data 
to a listed output and provides graphical plots of daily temperature v a ~ i a -  
tions and a plot for each 24 h period (midnight-to-midnight) in which a 
rainfall event is  recorded. 



Temperature and rainfall data for the period 9 August 1978- 
20 November 1978 are available from the authors of this -report. The tsmper- 
ature data are displayed as a continuous record (cf. Fig. C. 2); rainfall data 
are presented only for those days that rainfall occurred (cf. Fig. C.3). (All 
of the rainfall data are plotted in Appendix D. ) 

A DAY 

DAY 

Fig. C.2. Temperature Record for August 1978 
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APPENDIX D 

Equipment and Methods for Monitoring Runoff and ~ a i n f a l l / ~ u n o f f  
Data for the Period Awril-November 1978 

Conrad Tome* 

Description of Runoff Monitoring Equipment 

The Parshall flume** is an empirically rated, channel-shaped device 
made of fiberglass. It has a converging section (entrance), a throat section 
(restriction for increasing thc velocity), and a diverging section (exit). Along 
one side and integrated into the wall of the flume i s  a float well used to calm 
the water surface during turbulence at  the measuring point. One significant 
advantage uf tho Parsshall, flume is that the high velocities created tend to 
make it a self -cleauiug d e v i c ~  by eliminating c~11y deposit i~n of solids or sedi- 
ments that would adver sely affect the measuring accuracy. 

Four Parshall flwriaa were installed, leveled, and backfilled on 
two sides to make them an integral part of the dikes surraundii~g Plots T-IV. 
Later a 3-ft (0.9-m) concrete apron was laid in front of each flume to prevent 
runoff from undermining the structure. A short concrete ramp was emplaced 
also a t  the rear  of each flume, followed by 5 ft of crushed stone (Fig. D.l) to 
prevent erosion on the downflow aide of each flume. 

Flow through the flumes i s  a function of water depth, and depth can be 
measured un a staff gaga ylacod in the throat section. The depths a re  then 
referred to an appropriate rating curve o r  table 20 obtain waler volume per 
unit time, here cubic feet per ~scond.  

To facilitate continuous monitoring, Stevens Type F water level re -  
corderst were installed on each flume. They a re  self-contained, compact, 
portable, and independent of external power. The recorders were used to 
record the r i se  and fall of a float on a changing water level in the float well 
of the Parshall flume. A eping -wonnd clock drove the chart drum for 
eight days while the chart permitted recording changes of as little as O n l  fLtt 
Each recorder was protected f r o ~ i ~  the weather and from vandals by a locked 
fiberglass enclosure on top of the float weM. All clocks were wound oncc each 
week, new charts were installed, and the water levels were brought to the 
bottom of the measuring port in the float wells before setting the chart pens 
on zero. (Unfortunately, this last-mentioned procedure was not instituted until 
July 1978.) Data were recorded as  depth of flow through the flume throat as  
a function of time. 

*Engineering Assistant, EES Division, Argorme National Laboratory. 
**~anning Environmental Corp., 120 DuBois St., P.0, Box 1356, Santa Cmz, California, 95061, Publica- 

tion No. FL-778. 
'heupold and Stevens, Stevens Resources Data Book. Second Edition, Revised June 1975. pp. 45-57. 

ttstevens Type F Water Level Record= Spec. Sheet, Bulletin 24,17th Edition. 



Fig. D.1. Flume at South Comer of Plot 111. Warn flow from right.80 left. Stevens r=corder mder ho:xiiq. 



Data Reduction and P r e  sentation 

Chart data were reduced by measuring the length of the spike in each 
runoff record and comparing this value to the table* to obtain the maximum 
instantaneous volumetric discharge during the runoff event. Only instantaneous 
runoff maxima a r e  presented because oftentimes either initial o r  final chart 
zero were questionable. This problem was due primarily to the aforemen- 
tioned failure to fill the float well when zeroing a new chart or to- evaporative 
loss of float well water through time. Also, two recorders were vandalized 
and one recorder's clock malfunctioned for two months. For  these reasons 
it was decided not to reduce the runoff data in terms of total runoff per event 
and to u s e  only peak runoff flows for comparison with total rainfall data. 
Rainfall and runoff data a re  presefited simvltaneously, by months, in 
Figs. D. 1 -D. 9. 

FLUME 1 A 
FLUME 2 
FLUME 3 W 
FLUME 4 4 
RAIN I 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

DAY 

Fig. D.2. Rainfall and Runoff Data, April 1978 

*see third footnote on p. 92. 



D A Y  

Fig. D.3. Rainfall and Runoff Data,  May 1978 

Fig. D.4. Rainfall and Runoff Data, June 1978, 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
DAY 

Fig. D.5. Rainfall and Runoff Data, July 1978 

1.0 

FLUME I A 
FLUME 2 ' I 

FLUME 3 8 
FLUME 4 
RAIN 0 

I 2 3 4 5 6 7 8 9 10 I1 12 13 14 I5 16 17 18 19 20  21 22 23 24 25 26 2 7  28  29 30  31 

DAY 

Fig. D.6.  Rainfall and Runoff Data,  August 1978 



1.0 

FLUME2 

RAIN I 
0.1 1.0 

V) 
W 
x 

V) U 
IA. 
U 

Z 

IA. 
A 

I& 
A 

0 
z 2 
3 z 
a a 

a 
0.0 1 0.1 

1 ! I /  ! A ' A  + @ ' I  i I i A 

I I 

1 1 t . . 
0.001 ' - 0.01 

1 2 3 4 S 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 e8 29 30 

DAY 

Fig. D.7. Rainfall and Runoff Data,  September 1978 
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Fig. D.8. ~ a i n f a l l  and Runoff Data,  October 1978 
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APPENDIX E 

Analysis of Mine Spoil Samples ,  by the Purdue LJniversity 
Soil Survev Laboratorv 

P a r t i c l e - s i z e  Dis t r ibut ion ( m m ) ,  P e r c e n t  of <2 m m  

tota l  vcs* cs* m s *  fs* vfs* s i l t  c lay  fi'ne 
sand 2-1  1-0.5 0.5-0.25 0.25-0.05 0.25-0.10 0.05-0.002 0.002 s i l t  

Ex t rac tab le  Cat ions  

pH 
( ~ e q / 1 0 0  g) Ext. CECt Base  Sat. org. C 

( : * *  KC1 CaC1, Ca  Mg Na K Acid (Sum)  . (7.0) . (7.0) .: 

671 Weathered m a t e r i a l  f r o m  bank of d r y  s t r e a m  near  Well No. 2. 
672 F r e s h  m a t e r i a l  with some  lignit ic coal ,  mos t ly  g r a y  sha le ,  f r o m  cu t  in  spoi l  banks =15 f t  

below sur face .  
673 F r e s h  m a t e r i a l  f r o m  215 ft below s u r f a c e  in another  spoil  bank. 
674 wea the red  m a t e r i a l  f r o m  hilltop. 

. . 

*vcs = very coarse sand; cs = coarse sand; ms = medium sand: fs = fine sand; vfs = very fine sand. 
**one pact suil 10 unc past distilied water, mixed and measured after equilibration. 

t ~ a t i o n  exchange . . capacity. . . . . 



APPENDIX F 

Chemistry of Mine - spoil Surface Water Before' 
and After Treatment with Dredged Material 

Objective 

The objective of this special study was to characterize chemically 
water standing at  various places around and upon the experimental plots in 
order  to a s se s s  the changes in surface water quality that could be expected 
after "topsoiling" with dredged material.  

Investigative Method 
h 

The si te  had many small,  closed basins that held water from rainfall 
o r  snowmelt for extended periods of time. In addition, there were groundwater 
seeps into the naturai drainage pathways that were quite evident after surface 
runoff has ceased to flow through these channels. Also, water stood on each 
of the four treatment plots at the site for a few days after a rain. 

A sampling was made a t  nine points (Fig. F. 1) of surface water pond- 
ing o r  seepage in early May 1978. Samples we r e  taken in duplicate and 'analyzed 
for 23 parameters.  The sampling points were: 

1. The catchment below the access road before it reaches the t rea t -  
ment plots. 

2. A small ,  deep basin just north of treatment Plot I. 

3 .  A similar  basin further north from the north end of treatment 
Piot I. 

4. The basin between the graded area  and the Well 1 basin, directly 
in line with Plot 111. 

5. A seep into the drainage directly west of Plot I. 

6 - 9 .  Standing waters in treatment Plots 1 through I V ' ,  respectively. 

The kinds of analyses made and the values obtained a r e  reported in 
Table F.1. 

DiEcuE sion 

The data for collection points .l through 4 a r e  considered to represent 
. water in long- t e r m  contact with the spoil materials ,  reflecting differences 

attributable only to  areal  variability. The data (Table I?!". 1) for waters.  at  these 
points show clearly that they a r e  of poor quality in t e rms  of constituents and 
acidity. 



Fig. F.1 .  surface Water Sampling Points 



TABLE- F.1. Chemical Data f c r  Duplicate  Samples from Col lec r ion  S i t e s  1-9 (Fig. F . l )  

Sample 

Parameter  \"\ . 
A c i d i t y  1427 140i 985 9.55 623 663 7 1 3  905 12,760 15,880 503 543- 20.1 36.2 20.1 32.6 24.1 36.2 

(PP) 

A l k a l i n i t y  -- -- - 
,( P P ~ )  

Cu (pprn) 0.17 0.13 11.2; 0.17 0 .11  0.11 0.11 0 .11  2.76 3.12 0.11 a l l .  ~ 0 . 0 5  4 . 0 5  ~ 0 . 0 5  <o.os <o.os <o.os 

Cr ( p p )  04.09 ~ 0 . 0 5  cn3.OZ <O.m <0.05 c0.05 C0.05 c0.05 0.71 0.71 c0.05 <O>-Q!. <0.05 c0.05 c0.05 <0.05 4 . 0 5  4 - 0 5  

N i  (ppm) 1.88 1.7? 11.9C~ 0.90 0.75 0.79 C.73 0.79 7.00 7.65 0.75 1.030 cO.08 4 . 0 8  cO.08 <0.08 <0.08 c0.08 

Fe (ppm) 1..24 0.50 2 51..3 18.C 15.0 11.5 32.8 366. 383. 5.94 3 .  < 0 . 5  ~ 0 . 5  4 . . 5  4 . 5  c o . 5  c o . 5  



The seep water data, collected at  points 5a and 5b, describe the effect 
on soil-water quality of slow leaching through a spoil pile. Although both man 
and animal eschew waters such as  these by instinct, accidental ingestion i s  
ever a possibility. The consequences of ingesting small  amounts of these 
waters a r e  not known. 

It must also be considered that most of these waters do not reach the 
Illinois River without some dilution by precipitation o r  groundwater. Only 
the basin. at  collection point 1 was overflowing at  sampling time. Waters 
collected at  point 1 represent channel drainage from that basin. 

The results for the treatment plots show a dramatic change between 
the waters standing on treated and untreated spoil. Waters from the treated ' 

plots (samples 7a,b through 9a,b) have a definite neutralizing capacity and, 
with the exception of Cd and Mo, t race  metal loadings for the other mine metals 
analyzed were below flame atomic absorption detection limits. Only two and 
three values were detected for Cd and Mo, respectively, preventing the draw- 
ing of any definite conclusions about the concentrations of these two metals 
in the dredged material.  

Conclusions ' 

It may be concluded that grading the spoil materials at  the Ottawa site 
would 'be beneficial because this action would eliminate the many basins and 
catchments that presently expose some very poor quality waters to the en- 
vironment. It may also be concluded that waters standing on the dredged 
material  a r e  of acceptable quality relative to their environmental impact. 

These two conclusions may be combined by stating that, from a surface 
water quality point'of view, grading the mine spoil and covering it with dredged 
material  of the type used in this instance would represent a desirable reclama- 
tion procedure for the Ottawa site. It i s  recognized, however, that the details 
of the engineering aspects of ouch a reclar~isliull effort, and their possible im- 
pacts, remain to be -worked out. 



APPENDIX G 

Soil Moisture, Acidity, and Variations 
in Plant Growth on the Mine Spoil 

Objective 

The objective of this special study was to determine the small- scale areal  
variability of selected physical and chemical characteristics of the mine spoil. 

Investigative Method 

lnvestigatfon of d i f f e ~ e n c t s  in Chc spoil material  was  restr icted to  
soil-moisture determination, pH measurement, and a brief study of the oxidiz- 
able pyrites in the mine spoil. A 2-in. (51-&) diam auger was used t o  c u r e  
spoil and dredged material  to a depth of 180 cm, wherever possible. Soil 
moisture was determined gravimetrically and pH was measured on 1:5 
soi1:water extracts that had been shaken 36 h. 

Results 

Visual Reconnaisance 

Three types of surficial mine spoil could be described visually: 

1. Light-oolored, silty, xxreakl y structured material  supporting plant 
growth . 

2. Slightly darker ,  more  clayey, and inaderatcly otructured material.  
usually with iron oxides evident on surface, and a few well-furllled cubic pyritc 
crystals  to be found with some effort, together with an occasional pla~ll;. 

3 .  Dark grey shaley material  supporting no vegetation, not even around 
the erosion pathways. (This i s  the most eroded of the three types with much 
pyrite, in striated, conical form throughout.) 

Moisture Sampling 

Soil moisture sampling was done in two areas: 

1. A hill west of the demonstration site,  where adjacent vegetated 
and nonvegetated areas  were cored. Results, presented in Fig. G. 1, show an 
essentially similar moisture content for the two profiles, with the obvious 
exception of a decrease in soil moisture attributable to uptake hy vegetation. 
pH values were added to suggest a possible explanation for lack of vegetation 
on the bare soil. A few plants were successfully invading the bare soil in a 
few places. 

2. Experimental Plots1 and I1 were cored to 180 cm in two places 
each. Results, with standard deviation for the two cores ,  a r e  presented in 
Fig. G. 2.  The dredged material  has significantly more  water than the mine 
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Soil Moisture Curves from Two Cores Taken Side by 
Side on a Spoil Hill Having Profuse Vegetative Cover 
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spoil and i t  supports profuse plant growth. The surface depletions may be 
attributed to evapotranspiration, with an obvious plant effect in the treated 
plot. The increase in moisture content below the dredged material/spoil inter - 
face may be a function of a la rge  increase in matr ix  potentia1':from the dredged 
mater ia l  into the spoil, which could account for  the smal l  stahdard deviation 
for the moisture content values just above the interface (Fig. G.2) where mois-  
t u r e  content would be controlled by the increased suction below the interface. 

Chemical Characterization 

Soil water extractions of 1:5 were  performed on the above mentioned 
cores  a s  well a s  on cores  taken from the hill  just north of Well 1 (Fig. 2, of- 
main text) where the three  spoil types occur side by side, as  describcd pre-  

viously. Since the species which could 
prove toxic to plant life a r e  largely 
dependent on pII for t l~c i r  oolubility 
and availability, pH i s  the most im- 
portant: chemical variable to  be 
determined. 

Figure G.3 i l lustrates  the pH 
variations observed for the cores taken 
f rom treatment Plots I and 11. These 
values were obtained f rom 1: 5 soil/ 
water extracts shaken for 36 h at 
room temperature. 

Spoil acidity i s  an obvious 
problem. Uredged mater ia l  uniformity 
i s  suggested by the near-constant pH 
values through i ts  profile, Note the 
large pH variabilities in the untreated 
mine- spoil profile. This variability, 
a s  described above, reflects the heter -  

nuuL-l. -1. .--- L-.- I ---I -..-. I ..I ogeneity of the spoil material ,  with 
3 4 5 6 7  ' lo types 1, 2, and 3 (as  previously de- 

pH OF 1:5 EXTRACTS scribed) overlyj.np, each other and being 
,somewhat mixed in the profile. 

Fig. G.3.  pH Variation with Depth for 1:5 Soilmater 
Extracts. Treatment Plots I and 11. Figure G.4 i l lustrates  the 1: 5- 

extract pH values for each core  taken 
from. the three types of mine spoil. The well-vegetated mater ia l  overlies 
intermediate-pH material ,  which in turn seems to overlie material  of the same 
composition a s  the high pH spoil. The extremely low pH mater ia l  seems to 
be rather  uniform in this sampling. Such. profiles a r e  a strong function of 
sampling location. , 



Fig. G.4 

1:5 Extract pH vs Depth for 
Three Adjacent Spoil Types 

0 SPOIL TYPE 1 ( AT SURFACE) 
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pH OF 1:5 EXTRACTS 

Table G. 1 gives a comparison of the compositions of the two pyrite 
forms found, the cubic crystalline fo rm and the str iated conical form. Anal- 
yses were performed on 507'0 H N 0 3  digests of each mater ia l  a s  obtained f rom 
the field. Concentrations were normalized with respect  to the iron. content 
and expressed as  mole ratios to allow qualitative comparisons of composition. 
This approach i s  an accepted method in the earth sciences and i s  used to dis-  
criminate between different geological formations or  depositional environments 

TABLE G. 1. Normalized ~ o l a r  Compositions of 
Two Forms of Pyrite Found at the Ottawa 
SLrlp-mine Reclamation Project Demon- 
stration Site: A Well-formed Cubic 

and a Striated Conical Form 

Concentration rank* Normalized mole ratio 
Metal Cubic Conical Cubic Conical 

*Rank of mole ratios nnrmnldaed w i t h  ~copcct LU the 
iron concentration. 



It may .be seen that the conical fo rm has nearly twice a s  much Mn, 
and that i ts Cu content i s  not quite one-half that of the cubic form. All the 
metals  listed may fo rm sulfides, but it i s  unlikely that such an unstable sul- 
fide fo rm as AlZS3 would be found since i t  readily decomposes in contact with 
the atmosphere. These and others of the listed metals a r e ,  more  likely, weath- 
ering products of the shales and clay minerals of the minesoils. Alkaline 
ear ths  and alkali metals  in these extracts were higher for the conical pyrite 
extracts:  measurable amounts of S r  were found, and the Mg, K, Na, and Ca 
were  12, 4, 3 and 2 t imes more  abundant in association with the conical versus 
the cubic form of pyrite. 

Conclusions 

The presence of oxidizable pyrites in the mine spoil presents the rea l  
reclamation problem at this site. Regrading the mine spoil and covering it 
with dredged material ,  a s  was done for the sLudy ~ i t c  treatmont plots, does 
not affect the potential acidity of the spoil; however, this procedure does pro-- 
duce a change in the chemical composition, amount, and direction of flow of 
surface runoff and changes the subsurfac'e water flow characteris t ics .  These 
physical .effects were partly illustrated in Figs. G. 1 and G.2. A cursory  ex- 
amination of these figures shows: 

1. A general increase in profile moisture content for the spoil of 
t reatment Plot I a s  compared with the nontr eatment plot spoils. 

2 .  An apparent tlperching" effect helow the treatment application zone. 

The visual reconnaisance and 1: 5-extract pH results suggest that some 
segregation of materials  may 'be possible during the cut-and-fill operation. 

.Such segregation wo,uld allow some control over the textu.re and pH sequence 
in the replaced and regraded spoil profiles and hence over the groundwater 
flow and quality. Such measures  may further  ass is t  in the long t e r m  success 
of the dredged material  cover treatment.  



APPENDIX H 

Chemical Characteristics of Contact Waters .on Spoil 
and Dredged Materia_l - ; - 

Objective 

The objective of this special study was to compare the chemistry of 
the three types. of mine spoils ( ~ ~ ~ e n d i x  G) and the dredged material ,  a s  i t  
affects the chemistry of 1:5 soi1:water extracts with a 36-h contact time. 

Investigative Method 

. The extracts :described in Appendix G of this subproject were separated 
f rom the soil solid phase by centrifugation and analyzed for pH, specific- 
conductance, chloride, sulfate, and the metals  Ca, Mg, Na, K,  S r ,  Al;. Fe ,  Mn, 
Zn, Cu, Ni, Cd, . . Pb, Mo and Cr. 

Results 

Results a re  given in Tables H.1, H.2,. and H.3. : 

Discussion 

Table H. 1. Vegetated and Unvegetated Status of Adjacent Minesoils 
of Similar Appearance 

The results of this table do not provide an easy answer to the question 
ofawhy vegetation i s  abundant on one core site and almost nonexistent on the 
other. . Physical factors also may inhibit plant invasion a t  this site. The lower 
pH at the 37-cm sampling depth, with i t s  attendant increase in soluble heavy 
metals ,  suggests a shallow lens of more  acidic spoil a t  this depth. That an 
acidic spoil underlies the minesoil at  both coxe s i t ~ s  i s  evidcnt f i l u r r l  the lower 
s m ~ ~ p l i n g  s . 

The very large difference in total dissolved salt  loading for  the surface 
samples i s  striking. From this i t  may be speculated that the two surface ma-  
terials  involved here differ only a s  to time of exposure to rainfall and leaching. 
Subsoil and parent-&aterial relationships could have existed for these two 
mater ia ls  before mining took place. 

Table H.2. Corings through the Three Major.Spoi1 Types Visually 
Differentiated at the Site . . . . 

The most  obvious diffkrence between these three minesoils is their pH. 
The large differences in soluble sal t  content may reflect premining profile 
depths. For thcse 1;5 extracts i t  does not appear that any of the heavy metals  
would pose a threat to plants feeding on such a solution. 



TABLE H.1. Chemical Data fo r  1:5 So i l / l a t e r  Extracts: Comps.rison between Adjacent Cores 
Reprssenting Vegetated and Unvegeiated Flnesoil  

Sample 
Average , pH C3 C1- SO: Ca Zrg Na Sa ' K Al Fe Mn Zn Cu N i  Cd Pb C r  Mo 

Depth , 25'C ~rmhdcn PP. ppm ppe ;pm ppm ppm ppm P P ~  P P ~  P P ~  p?m P P ~  PPm Ppm PPm Ppm PPm 

8 cm 

VEGETATED 8.42 355.2 <1 27.0 59.2 12.3 3.3 0.6 13.6 c0.2 0..33 c0.L 1 3 0 2  c0.05 <0.10 <0.02 co.5 ~ 0 . 1  <0.05 

' ~ E G E T A ~  8.26 1428.0,. 4 1140.0 358.0 05.1 7.3 C.5 9.8 <0.2 ~ 0 . 5  ~ 0 . 1  <0.02 c0.05 <0.10' 4 . 0 2  4 . 5  c0.1 <0.05 

24 cn: 8 

' VEGETATED 8.51 345.8 , 9 17.E 48.3 13.5 2.7 ~ 0 . 5  8.4 q . 2  1 3 2  <0.1 <GO2 ~ 0 . 0 5  0.10 c0.02 <0.5 1.18 4 . 0 5  

UNVEGETATED 7.22 1517.6 2 1460.0 532.0 t31.3 8.2 1.1 7.7 c0.2 , cC.5 0.2 'c.02- c0.05 <0.10 4 .02  c0.5 4.1 c0.05 

37 cn . 

VEGETATED 8.38 ,258.G 5 29.0' 50.4 7.5 2.9 <'1.5' 7.8 4 . 2  1.35 4.1 .:c1.02'<0.05 d . 1 0  <0.02 ~ 0 . 5  ~ 0 . 1  <0.05 

52 cm 

VEGETATED 8.28 L87.7, 14 . 25.0 31.6 4.0 3.6 Q.5 6.1 ~ 0 . 2 .  1.36 ~ 0 . 1  ~ 3 . 0 2  <0.05 <0.10 <0.02 ~ 0 . 5  c0.1 4 . 0 5  

UNVEGETATD 8.21 356.8 <1 495.0 160. 36.5 . 3.4 c0.5 9.7 c0.2 c k 5  c0.1 ~ 3 . 0 2  <0.05 <0.10 <0.02 <b.5 <0.1 <0;05 

. . 

83cm " 

VEGETATED 8.23 233.6 . 3 27.; 25.2 7.0 4.3 q0.5 5.6 <0.2 <C.5 <0.1 4 . 0 2  c0.05 4 . 1 0  cO.02 c0.5 c0.1 c0.05 

UNVEGETATED 8.14 350.9 5 145.0 48.5 8.5 c0.3 -:0.5 ' 6.0 c0.2 f .72 <0.1 4 . 0 2  c0.05 c0.10 c0.02 c0.5 c0.1 4 . 0 5  

115 c m  

VEGETATED 8.02 170.3 2 20.2 i4,4 2.5 3.4 c0.5 4.0 c0.2 cu.5 c0.1 -0.02 c0.05 <o.lo <O.OZ <0.5 <0.1 < o . ~ 5  

UNVECETATED 8.24 389.6 5 139.3 .45.4 1E.2 c0.3 ~ 0 . 5  7.8 <,3.2 '1.75 ..:0.02 c0.05 c0.02 <0.5 4 . 0 5  

145 cm 

VEGETATED 8.21 266.2 l e .  40.2 32.7 ?.7 5 . 0 ' < 0 . 5  3.6 0 .32c3.5 ,  cO.3 -0.02 <O.O: ~ 0 . 1 0  ~ 0 . 0 2  4 . 5  a.1 0.10, 
UNVEGET-\TED 3.58 U66.8 10 950.0 288. 41.6 0.6 0.5 15.3 3.19 9 . 8 8  cl3.l  -0.02 c0.01 ~ 0 . 1 0  4 . 0 2  4 . 5  <0.1 ~ 0 . 0 5  

175 cm . 
VEGETATED 4.53 2009.4 2 '  1580.0 636. 43.3 5.5 0.7 16.9 5.27 4 . 5  < O .  L 0.20 ' ~ 0 . 0 5  1.13 x0.02 c0.5 1.28 ~ 0 . 0 5  

UNVEGETATED 4.05 1183.2 4 670.0 2133. 43 .5  0:8 < Q . 5  14.8 4.67 0.70 ' 0.5 0.03 <0.05 0.10 <0.02 c0.5 ~ 0 . 1  ~ 0 . 0 5  



TABLE H.2. C h e d c a l  Data f o r  1:s S o i l l w a t e r  E x t r a c t s :  Comparisons between t h e  Three S p o i l  Types 
Visua l ly  D i f f e r e n t i a b l e  a t  t h e  Ottawa Reclamation S i t e  

Ave-- age 
S m p l e  F B  EC ~ 1 -  SO: Ca Mg Na Sr K A l  Fe Mn Zn Cu Ni Cd Pb C r  Ido 
Depth 2S°C umhos/cm ppm PF P P ~  ppm P P ~  P P  ppm ppm P P ~  P P  PPm ppm ppm ppm P P ~  ? ~ m  P P ~  

1 5  em 

I (vegetated) 8.34 326.4 <1 189. 49.7 7.4 3.3 0.5 12.9 8.05 4.53 '0.1 <0.02 ~ 0 . 0 5  <0.1 0.02 '0.5 ~ 0 . 1  03.05 

I1 (unvegetated) 3.40 1467.8 1 925. 323. 11.1 <0.3 <0.5 3.4 32.2 0.93 4.1 0.12 0.10 0.10 0.07 '0.5 ~ 0 . 1  '0.05 

111 ( p y r i t i c  sha le )  2.76 3348. 2 2960. 376. 170. '0.3 ~ 0 . 5  <0.1 123. 23.1 5.40 1.49 0.56 1.90 0.06 '0.5 0.97 ~ 0 . 0 5  

no sample taken 

no sample taken 

145 cm 

no sample taken 

I1 

111 



Table H.3. Treated versus  Untreated Comparisons 

The previously presented data (esp. Table ~ . 2 )  offer a basis for judg- 
ing the spoil in the untreated experimental plot to be closely related to the 
third (worst in t e rms  of acidity production) spoil type characterized. 

The treatment material  seems relatively uniform with depth and areal  
availability, with the possible exception of Ni and Cd concentrations. Mea- 
suring Cd in only one of these extracts does not ofler evidence.of a Cd contri- 
bution .by the dredged material ,  however. That single positive Cd result f o r  
the dredged material  occurred in a nearsurface sample that could have been 
contaminated by wind or  water erosion of nearby spoil materials  depositing 
over the dredged ma.teria1. 

The large, but consistedtly appearing, Ni content in the "b" extracts 
represents close to 20 ppm of soluble nickel in the dredged material.  The 
Mo concentration, which i s  significantly higher for the dredged material  than 
for the mine spoil analyzed so fa r ,  may present an a r ea  of concern toward 
which continuing and future studies must  be directed. 

Conclusions 

From the three data tables presented, i t  may be concluded that acid 
production by oxidation of pyrite and other reduced sulfur minerals  presents 
the single most  important problem for the reclamation of this site. 

Addition of a 0.9 -m dredged material  cover allows plant growth and 
provides a si~rface of above neutral pH, with a higher Mo content than was 
observed in the spoil. (see Table 11.3.)  If the land after dredged inaterial 
covering becvlries a grazing a rea ,  t h e  Mo elevation in the soil solution could 
present  a problem. 



' TABLE H . 3 .  Chemical Data for 1:5 Soil/Water Extracts; Comparisons for Cores from an Untreated 
Experimental Plot (I) and a Plot Receiving Dredged Material Only (11). 

. . Replications S h a m  Represent South Central. (a) and North Central (b) 
Locations Within Each Plot 

Average Sample 
Depth and 

Identification by 
Treatment, Plot 
and Location pH EC cl- . SO: Ca Hg Na Sr K A1 
Within Plot 25'C vmhos/cm ppm ppm PPm PPm PPm PPm PPm PPm 

5 crn 

I a 

I b 

I1 a 

I1 b 



TABLE H.3 (Contd.) 

Average S8mple 
Depth and 

I d e n t i f i c a t i o n  by 
Treatment P lo t  

and Location Fe nn Zn Cu Ni Cd . Pb Cr Mo 
Within P l o t  pp ppm ppm PP ppm ppm ppm ppm 

1 7 5  crn 

I a '0.5 4.1 <O.IJZ <0.'05 < u . u ~  ,0.02 <n. 5 .nil \.0.05 

I L 1.29 14.0 0.20 '0.05 0.83 . '0.02 '0.5 '0.1 '0.05 

11's . 3.22 15.0 2.20 0.10 6 .1  '0.02 '0.5 ~ 0 . 1  ~ 0 . 0 5  

11 b 1.11 1 0.59 '0-05 2 . 7  0.02 '0.5 1 <0.05 



APPENDIX I 

Site Geohydrology 

by 

T. A. Bannister and T. R. West* 

Site Location and Background 

The study site i s  an abandoned coal and clay s t r ip  mine located in the 
southeast quar ter  and center of Section 7 ,  and the southwest quarter  and 
center of Section 8 ,  T33N, R4E, Rutland Township, approximately 1.5 mi les  
eas t  of Ottawa, Illinois. 

One of the main reasons for  mining coal a t  this location was its loca- 
tion on a r iver-cut  te r race .  There i s  no t i l l  a t  this site and the overburden 
consists of a low refractory shale,  the Francis  Creek shale that could be of 
minor use  in industry. 

~ h e ' w i l m i n g t o n  Coal Company initiated mining a t  this site in 1936. 
Operations were somewhat e r ra t i c  through the years  and mining ceased by 
1942. In addition, the National Fireproofing Company had a n  interest in the 
a r e a  because of the underclay directly beneath the, coal. This clay i s  generally 
of high refractory value (except where pyrite-rich) and it proved to be much 
more  valuable than the Francis  Creek shale which makes up the overburden 
to the coal.** Unfortunately, the mater ia l  in the stratigraphic section that 
was left behind a s  waste by the coal and clay companies i s  also the mater ia l  
that causes the most  environmental problems. On the basis of field observa- 
tion, it i s  concluded that the waste piles in approximately the northwest 
quarter  of the a r ea  shown on Fig. I. 1 contain waste fireclay (underclay) and 
hence the underclay was mined out there to a large extent. The bottom of the 
mine i s  only a thin remnant of this  underclay, overlying the St. Pe te r  sandstone. 
On the other hand, the a r ea  covered by the southeast quarter  of Fig. 1.1 has 
only been worked for  the coal. The under clay io otill intact below the waste 
piles. 

Drilling, Sampling, and Electrical Resistivity Sounding Program 

A commercial  engineering f i rm was hired to do the drilling, and sam-  
pling was accomplished on August 18, 21, and 22 ,  1978. 

Figure I. 1 shows the locations of thc s ix borings that were  made. An 
all-terrain-vehicle (ATV) was used to facilitate movement over the steep 

*~raduate Studeilt and Associate Professor, respectively. Department of Geosciences, Purdue University, 
West Lafayette, Indiana, 47907. 

**H. B .  Willman and 1. Norman Payne, Geology and Mineral Rexlllrce.~ of the Marseilles, Onawa, and Sueator 
Quadrangles, Illinois Geological Survey Bulletin No. 66,  Urbana, Illinois, 1942. 



Fig. 1.1. Initial Site ~ o ~ o ~ r a ~ h ~ ,  Cross-section Lines A-A' through D-Dl (Fig. 1.5). Groundwater Observation 
Wells, and Test Plots (Superimposed). Boring locations are indicated by B-1 through B-6; electrical 
soundings indicated by S-2 through S-4. 



berms  that separate the tes t  plots and to navigate the rugged strip-mined 
terrain.  so r ings  we r e  advanced with a 10 -in., hollow- s tem auger. Sampling 
was accomplished with a standard split-spoon sampler  and a pushed, thin- 
walled s tee l  cylinder (shelby tube). 

The following schedule l i s t s  the samples taken a t  each boring location 
( ~ i g .  I. 1): 

B-1 through B-3: Continuous split-spoon samples (1.5 ft intervals to 
a depth of 13.5 ft. (N-values and percent recovery recorded for  each sampling.) 
Two undisturbed samples were taken with a Shelby tube sampler a t  depths of 
1-3 f t  and 5-7 ft  (except for B-3; second Shelby tube sample taken 7-9 ft). 

B-4: Continuous split- spoon samples to a depth of 9.0 ft. Split-spoon 
samples at depths 10.5-12.0 f t ,  14.5-16.0 ft, 19.5-21.0 f t ,  24.5.-26.0 ft ,  and 
28.5-30.0 ft. One Shelby tube sample taken a t  a depth of 5.0-7.0 ft. 

B-5: Continuous split-spoon samples to a depth of 12.0 ft. Two Shelby 
tube samples taken a t  1.0-3.0 ft and 5.0-7.0 ft. 

B-6: Split-spoon samples taken a t  4.5-6.0 f t ,  9.5-11.0 f t ,  and 
13.5-15.0 ft. Water inte'rcepted a t  14.0 ft; PVC pipe observation well se t  a t  ' . 

14.5 ft. 

Information that was i k e d i a t e l y  gathered from the above program 
included standard penetration "N1I values and descriptions of the mater ia l  en- 
countered in each boring. Soil logs for  each boring a r e  given in T. Bannister 's 
thesis.* 

Earth electr ical  resistivity soundings were made a t  points S-1 through 
S-8 ( ~ i g .  1.1) around the site. The original purpose of the soundings was to 
delineate the f ree  (phreatic) water surface. Subsequent interpretati.on led to 
the conclusion that the f ree  surface was not discernable with this method. 
However, the data permitted delineation nf the ourface of the St. Pe te r  sand- 
stone and, to some extent, the bottom of the mine. 

Details of the interpretations of the borings and resistivity data a r e  
given by Bannister.* Figure 1.5 presents  four c ross  sections of the site 
(along the cross-sect ion lines of Fig. 1.1) that summarize the major  s t ra t i -  , 

graphic interpretations of the boring and resistivity data. 

.Natural Moisture Contents - 
The f i r s t  tes ts  performed were to determine the natural moisture 

contents of the samples. Results in Figs. I. 2-1.4 a r e  plotted versus  depth to 

- -- 

*T. Bannister, Engineering Geology Assessment for an Abandoned Strip Mine, Masterls Thesis, Purdue University, 
1979. 
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Fig. 1.2. Natural Moisture Content as a Func- 
tion of Depth in Borings B-1 and B-2 
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Fig. 1.3. Natural Moisture Content as a'Func- 
tion of Depth i n  Burings 8-3 and B-4 

Fig. 1.4 

~ a k a l  Moisture Content as a Func- 
tion of Depth in Borirlgs 0-5 and B-6 
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give a picture of the vertical variations in moisture content. The moisture 
contents were determined for the split- spoon samples (disturbed specimens). 
Since natural moisture contents a r e  typically not derived from disturbed sam- 
ples (unless immediately after sample collection), the relative moisture con- 
tents a r e  of primary interest here. A trend emerges from the data of - 
Figs. I. 2 -I. 4. The moisture contents generally decrease with depth, except 
for localized points of higher'or lower moisture. 

Site Hydrology 

The Illinois River, only 300 ft (91 m)  away from the site,  will have a 
major influence on local hydrology. The r iver ' s  normal pool elevation is 



460 f t  (140 m)  above MSL, with its maximum high a t  472 ft (144 m)  and mini- 
mum low at  452 ft (138 m). The pond marking the final cut on the east  border 
of the site usually stands a t  an elevation of about '460 ft (140 m) ,  the. same 
elevation a s  the Illinois River. Another controlling factor i s  the permeability 
of the mine waste material  which, with,a relatively impermeable surface 
crus t ,  prohibits infiltration. 

Water-level elevations were monitored in three wells ( ~ i g .  I. 1) during 
the period 23 August 1978 through 12 April 1979. Wells 1 and B-6 ended in the 
underclay; Well 2 ended in the St. Peter  sandstone. Thus, complete hyd&oibgic 
continuity between the wells was not assured, and a contour map of the piezo- 
met r ic  surface based on these three points would be meaningless. It should 
be mentioned, however, that in Wells 1 and B-6, water was not observed until 
the hole was advanced well into the intact underclay. Thus, no saturated 
surface was encountered in the overlying spoil material. 

Analysis of the well water-level data leads to the following conclusions: 

1. The water level in Well 2 i s  determined by the elevation I . of the 
Illinois Siver. 

2. The water levels in Wells 1 and B-6 probably reflect the position 
of the premining groundwater surface, their elevations coinciding 
roughly with the elevations of the local bedrock surface (given an 
allowance for  excess pore pressure commonly found in very im- 
permeable clays). 

In summary, the mine spoil piles a r e  unsaturated below the surficial 
crust  and the saturated water surface occuta  j u a t  bclow the top nf the under: 
slay in the southern and eastern portions of the site ( ~ i g .  1.1) at  an elevation 

4 

slightly in excess of that expected from hydrostatic presetwe cunuiderations. 
The saturated water surface in the northern and western portions of the site 
i s  found in the St. Peter  sandstone and is  about the same elevation as that of 
the Illinois River, being determined by the r iver ' s  elevatioa. Practically al l  
precipitation i s  converted to runoff. 
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