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ABSTRACT 

DecieaJed reservoir supplies of oil allow mom salt to be brought to the d a c e  and 

pipelines to transport larger volumes of salt water over greater distances. A tendency for 

on-site sodium salt spaage throughout the many stages of petroleum extradon exists, 

and sodium salt spills are both detrimental to both soil and plant life and costly and time 

consuming to remediate. Several remediation options are discussed: chemical 

amendments include different types of calcium products, and physical remediation ranges 

fiom contouring changes, tile and drainage systems to halophytic revegetation and 

organic matter amendments. Remediation guidelines are provided for reference for those 

assessing spills out on-site. Amendments are compared; however, no final solutions are 

provided because remediation ranges dramatically for each site depending on a variety of 

characteristics, which are discussed. Further, companies' time lines for clean-up and 

economic comtrahts may make some methods more preferred options than others. 
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CHAPTER ONE 

INTRODUCTION 

INTENT AND OBJECTIVES 

Soil salinity is an expensive and time consuming problem associated with the exploration 

and production of hydrocarbons, in which no single solution is applicable to every site. 

The intent of this thesis is to provide a: 

1. comprehensive guideline with an easy to follow format for non-expert readers 

dealing with reclamation problems; 

2. general overview of the serious problems related to oilfield brine (salt) spillage; 

3. basic understanding of soil properties and the effects of salt on these properties; 

4. reference tool for easily identifying salt problems in both the soil and plants on 

lease sites; 

5. discussion of the current industry methods used to reclaim soil after a spill 

has occurred; and 

6 .  discussion of the advantages and disadvantages of the various types of 

chemical and physical reclamation procedures. 



This thesis is presented as a manual to provide a more comprehensive format for 

reclamation officers in junior to intermediate expioration and production companies. The 

main areas of focus, divided into chapters, include: 

Chapter I. 

Chapter 2. 

Chapter 3. 

Chapter 4. 

Chapter 5. 

Chapter 6. 

Chapter 7. 

Chapter 8. 

General overview of thesis objectives 

An understanding of the rope of the salt problem, 

legislative and geological backgrounds 

A basic undersfanding of soil properties 

How sodium salts affect soil properties 

How sodium salts &ect plant growth 

Chemical methods for soil amendment 

Physical methods for soil amendment 

Reclamation plans, procedures, flow charts, initial spill 

response, and conclusions 



The information for this thesis has come &om several diffhent sources: 

1. Literam Review 

A literature review was performed for al l  topics related to sodium salt disturbance 

in soil and plants. Areas perused included: the University of Caigrny Library, 

public libraries, the EUB Library, various oil, laboratory and consulting companies 

Libraries, industry courses and conference materials, as well as current j o d  

publications. This gave a good overview of the problems and general treatments 

available, yet petroleum production problems have not been adequately 

documented or addressed in scholarly literature (Terry, 1996). Methods 

throughout the petroleum industry to deal with spills are often different than those 

in agriculture that deal with naturally occurring or irrigation related &inkation, 

where most of the previous Literature had focused. As a result the initial literature 

review provided the basis for knowkdge, but current in depth procedures would 

need to be addressed by interviews with key industry perso~el.  

2. Industry Interviews 

Key people involved in the reclamation industry, both in oil and consulting 

companies were interviewed. Interviews with these key industry individuals 
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allowed the gaps in the literature to be filled with relevant and more cumnt 

methods to remediate sodium salt problems. Interviews were unstructured and 

informal. Inteniewees were asked to relate their personal experiences detlling 

with salt remediation clean-up and the various treatment options, both successes 

and failures. 

Several criteria were used in choosing "key" industry personnel: 

1. Related Industry Experience 

Companies and individuals were chosen that had been in business for a minimum 

of five years. Further, the companies and individuals had to be both currently 

working with salt contamination problems and have several years of experience in 

saline remediation. 

2. Credentirrls / Prof;essional Associations 

Predominantly, the people interviewed were soils experts with either Professional 

Agronomy status, Masters or Bachelors degrees in soils science and vegetation or 

graduates of technical training institutes such as SAIT or Olds College. 

Professional memberships such as CLRA (Canadian Land Reclamation 

Association), CS SS (Canadian Soil Science Society) and ISSS (International Soil 

Science Society) were also considered. In lieu of formal education the 
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interviewees could also possess several years of successll experience strictly 

related to saline soil remediation, 

Several of the key individuals in the salt remediation field "share" selective 

knowledge by addressing, teaching or hosting public industry forums. These 

include seminars, comes, training excursions and conferences. 

4. Professional Reputation I uTtack Record* 

The larger more established oil companies tend to only use consultants that have 

highly proven success records and specialized professional credentids. Knowing 

the companies and individuals that these major corporations use can allow one a 

valid starting place for key personnel selection. 

It should also be noted that in many areas a reference is given to a consulting 

company without specifying an individual person. For example: (KBL Land Use 

Codtants Inc., pers. corn.., 1996). In these instances the information still came 

h m  personal correspondences, but h m  several different individual sources, or 

&om papers and information within their particular organization. 
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3. Courses and Conferences 

The petroleum industry kqpently holds courses and conferences that deal with 

current issues throughout the industry. Many of these contain topics including salt 

spill remediation. As many courses and wnfetences as possible were attended 

Even if attendance could not be attained, the pproceedigs were often obtained for 

use in the thesis. These outlets often discuss more salient remediation methods 

with advantages and disadvantages relating to both time Lines and cost scenarios 

for petroleum companies. 

4. Personal Experience 

Throughout the four years of thesis creatioq I have had the opportunity to work 

part-time at various companies in the petroleum industry, both fiom the 

environmental consulting side and the oil company side. I have dealt personally 

with, and managed several salt spill remediation programs in the last six years. 

This has allowed me to use various methods for salt spill clean-up and to assess 

the results first hand. I also have had a wide range o f f  th sampling and soils field 

experience. Thus, many of the sections rely extensively on my own professional 

experiences and knowledge base. 



SCOPE OF THE SALINITY PROBLEM, LEGISLATlVE AND GEOLOGICAL 

BACKGROUND 

KEY TOPICS DISCUSSED 

* Scope and development of the salinity problem 

t Legislative background (EPEA) 

e Purpose of the EPEA 

* Geological background 

* OiIf'ietd brines and salt 



SCOPE AND DEVELOPMENT OF THE SALINITY PROBLEM 

Soil salinity is a problem that has been experienced since the development of agricultural 

practices, and can occur in several ways: higation, flooding with saline waters, and 

seepage h m  subsucface origins. The oil and gas exploration industry bas provided a 

W e r  source of dinkation through brine spills during regular operational practices. 

The vast scope of the salinization problem has forced the development of both legislation 

and new or improved ways of reclamation and prevention. Previous records of the 

volumes of highly saline waters released though pipeline ruptures or transport spills have 

been poor. Further, reporting of spills associated with oil and gas exploration has only 
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been required for volumes greater than 2 m . Therefore, the volumes and numbers of 

small, unreported spills are relatively unknown. In Southern Alberta, oil and gas 

production and treatment facilities generally are located on land which is used 

predominantly for livestock grazing, pasture and agriculture. A sodium brine spill in these 

areas can have potentially disastrous results in terms of loss of acreage for cattle, crops, 

and income for fanners. 

Hundreds of millions of barrels of brine are produced each decade, and thousands of 

barrels are spilled annually (Figures 2.0,2.1,23,2.3 and 2.4) (Dudas, 1995). According 

to Brushen (1975), the reporting of salt water spills has been mandatory since 1971. 
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However, due to the casual attitudes of most companies toward compliance with these 

rules, accurate statistics were not encountered for several years after 1971. It is still 

commonly felt that all  spills are not being reported, so that the amounts noted are st i l l  

Likely to be on the low side. Prior to 1971, there are no records of occurrences, amounts 

and reclamation practices toward salt spills. Brushett (1975) fbrther stated that between 

1971 and 1975 the majority o f  the salt water spills occurred in large volumes such as two 

spills totaling 45,000 barrels in 1975 out of a total 80,000 barrels reported. Since the 

introduction of the mandatory reporting by the Energy Resources Conservation Board 

(ERCB) (recently renamed the Energy Utilities Board (EUB)), in 1971, much discussion 

has been directed toward the prevention, effects, and teclamation of oilfield related b ~ e  

spills in Alberta (Brushett, 1975). In 1973, 160 million barrels of salt water were 

produced along with crude oil. In 1974 an additional 188 million barrels of salt water 

were produced* This figure has contiuued to increase with the depletion of hydrocarbons 

in the older fields, and subsequent salty formation water encroachment (Brushett, 1975). 

Thus, as the age of Alberta's producing oil fields increases, the brine to oil ratio also 

increases (Dudas, 1995). Salt water spillage in 1974 accounted for 60,000 barrels, with 

almost four times the number of reported spills than the previous year (Edwards and 

Blauel, 1975). Typically, of the approximately 600 spills reported each year, the average 

spill size will be 20 m3 (GulfCanada Resources Ltd., 1996). 



Note: Line graph represents salt water production volumes (in thousands) 
Bar graph represents salt water spill volumes. 

1. No significant spills 7. No significant spills 
2. No signiscant spills 8. No significant spills 
3. No significant spills 9. 5000m3 salt water in 4 incidents 
4. 6600m3 saltwater in one incident 10.41 690m3 in 5 incidents 
5. 1 1 1 1 5m3 saltwater in 3 incidents 1 1. 1 1000m3 in 2 incidents 
6. No significant spills 

Both the volumes of salt water being produced and the amount of 
salt water being spilled (that is reported) shows a steady increase. 
If high volumes contime to be produced, which can only be 
expected as oil reserves are depleted, then the volume and 
number of spills will also tend to increase. 

Figure 2.0: Reported Salt Spill Volumes And Production Amounts For 
Salt Water 

Source: Energy Resources Conservation Board, 1995 
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Although several different salt compositions exist, the detrimental effects of sodium salts 

on soils and plant growth, in particular, will be emphasized According to Edwards and 

Blauel (1975), there are three major ecological problems associated with sodium salt 

water: 

I .  it is noa-biodegradable; 

2. associated chlorides are extremely mobile and highly toxic to plants; and 

3. the sodium is a long-term contamiaator of the soil 

A high concentration of soluble salts will often result in high osmotic pressure. 

Vegetation is severely affected by osmotic and nutrient stress and the uptake of lethal 

amounts of sodium and chloride ions. The soil absorbs sodium fiom the percolating 

water, which alters the cation exchange ratio, and results in structural deterioration in 

plants, poor drainage and damage in soils (Edwards and Blauel, 1975). 

The decade of the 1980s saw a new and changing attitude toward environmental 

awareness both in public opinion and corporate involvement On September 1, 1993 the 
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new Alberta Environmental Protection and JMmncement Act @PEA) and its subsequent 

Regulations came into e f f i  drastically cbanging corporate attitudes towards regulation 

within the oil patch. Forerunners to the EPEA include: Agricultural Chemicals Act; 

Beverage Container Act; Clean Air Act; Clean Water Act; Ground Water Development 

Act; Hazardous Chemicals Act; Land S u r f h  Conservation and Reclamation Act and the 

Litter Act. The EPEA is a consolidation of these eight acts into one comprehensive 

environmental mework. The new EPEA, with its stricter guidelines, broader powen of 

prosecution and more severe penalties has caused some stir within the oil and gas 

industry. Not only can corporations be held liable, but the individuals within the 

corporation may also be subject to fines or imprisomnent. 

Regulation of Alberta's oil and gas exploration industry is not new. The 1963 Surface 

Reclamation Act initiated the use of reclamation orders and certificates to ensure that 

land used for petroleum exploration be returned to a "satisfwtory condition". In 1973, the 

Land Surface Conservation and Reclamation Act (LSCRA) replaced the 1963 Act. In 

1993, the EPEA repealed the use of the LSCM, heralding a new approach to 

environmental issues (Meadows, 1993). 



PURPOSE OF TEE EPEA 

The prupose of the EPEA is to "support and promote the protection, enhancement and 

wise use of the environment" (Johnson, Vanderbeek & Girvitz, 1993). Inherent in this 

definition is ecosystem integrity, sustainable development, economic growth and 

prosperity, shared responsibility, mitigation and prevention of environmental impacts of 

development, polluters pay, co-operation between regulatory bodies and the corporations 

and opportunities for public involvement (Johnson, Vanderbeek, and Girvitz, 1993). 

Several industries can be targeted for their potentid ability to inflict great harm on the 

environment: the oil and gas sector, timber and lumber, and mining to name a few. The 

oil industry has been the most regulated of these three. Whether that regulation came 

about as a response to changing public awareness, threat of loss of profit due to impaired 

public image or m o d  consciousness, it has occurred. It should be noted, that for the most 

part, the oil industry has tried to comply with changing regulation and has attempted to 

strive for better technologies. 

The nineties are a decade of heightened environmental awareness, yet are hught with 

financial restraint on the part of corporations. Responsibility and accountability are 

becoming key issues that can no longer be ignored, yet the awareness exists that when 
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costs, time and finrrnces are at a premium, projects must be planned, carried out and 

reclaimed efficiently and effectively. 

GEOLOGICAL BACKGROUND 

Associated with most oil and gas deposits is remnant sea water which usually has an 

extremely high concentration of potassium chloride (KC1) and sodium chloride (NaCl) 

salts (Edwards and Blauel, 1975). Continuai depletion of hydrocarbon reserves w i t h  a 

reservoir ultimately increases production of brine water. B M ~  water production with 

hydrocarbons, although common, does not necessarily occur with every well; some wells 

produce hydrocarbons with no water. Through the exploitation process, brine water is 

pumped to the d a c e  along with the Liquid hydrocarbons. Presently, only one method of 

disposal is available for oilfield briws. The brine or produced salt water is separated fiom 

the hydrocarbons and then disposed of via deep well injection into a safe formation. The 

majority of spills occur during production, storage and disposal of the brine. One of the 

most common areas for salt water introduction to the environment is at the drilling site 

(Dudas, 1995). 

At a drilling site, seepage of salt water can occur in drilling waste pits, disposal pits or 

production tanks. Pipelines subjected to high-in line pressure can rupture at corroded or 
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equipment damaged areas (Brushett, 1975). h some cases, a pipeline rupture can go 

without notice for long periods of time. Pipelines containing salt water accounted for 42 

% of a l l  pipeline failures since 1986, mainly due to the highly corrosive and erosive 

nature of salt, as well as the increased volumes cartied and the higher p~sslnes associated 

with these lines (Energy Resources Conservation Board, 1995). The average volume 

spilled on a salt water pipeline failure is  less than 100 m3, but with increasing volumes 

transported, this number can be expected to increase (Energy Resources Conservation 

Board, 1995). Since the late 1980s, salt water has been used more extensively to enhance 

oil recovery @OR) by re-injection into oil and gas resewoh. When compared to 

previous salt water pipeline transportation amounts and pressures, these EOR pipelines 

are subjected to higher volumes of salt water flow and higher operating pressures. These 

added pressures and volumes fiuther increase the likelihood of faster internal corrosion 

from the salt water (Energy Resources Conservation Board, 1995). 

The following four graphs (Figures 2.1, 2.2, 2.3 and 2.4) indicate the number and 

volumes of salt water spills that have been reported to the Energy Utilities Board 

(formerly the ERCB) between 1980 and 1995. It should be noted that these reflect only 

reported spills, many spills are st i l l  unreported- It should also be noted that these graphs 

relate to spills on pipelines only, rather than during the drilling, completion and 

abandonment phases. 



The volumes on reported spills of salt water are generally 
increasing. The dip towards and in 1992 may have been related to 
the threat of newer and more stringent EPEA legislation soon to 
be on the scene. 

Figure 2.1 : Reported Volume Of Salt SpW Yearty From 1985 To 1995 
Source: Energy Resources Conservation Board, 1995 

Figure 2.2: Reported Volumes Of Salt Water Spills From Pipelines, 1980 To 1995 
Source: Energy Resources Conservation Board, 1995 



Figure 2.3: Reported Salt Water Spilb Caused By Internal Corrosion On 
Pipelines, 1990 To 1995 

Source: Energy Resources Conservation Board, 1995 

Figure 2.4: Reported Salt Water Spills Caused By External Corrosion On 
Pipelines, 1990 To 1995 

Source: Energy Resources Conservation Board, 1995 



1% 
According to Stevens, @ers. corrrm, 1996), wellsite completions for 25 % of wells 

drilled, utilize salt brine for servicing and re-drilling. Usually the salt water is left 

downhole and removed with the hydrocat.bons during the first few hours after servicing. 

The salt water utilized for Senicing and redriUing is three percent potassium chloride 

(KCI), or a compatible salt concentration to avoid damaging the formation (Table 2.0). 

The fluid u t i l k d  to inhibit (W') the upward flow of the reservoir fluids must exert a 

hydrostatic pressure greater than the reservoir fluid pressure. This process creates an 

overbalanced condition, and is commonly used for most downhole abandonments. 

Ideally, the opposite condition is pref-d for a well dri~~h8/comp~etiodse~cing- This 

situation is referred to as an underbalanced state. In this condition, upon completion of 

perforation of the formation reservoir rock, the fluids fkom the reservoir will flow into the 

wellbore and clean any unwanted debris. Once the completion fluid is brought to the 

sdace, it must be treated and disposed of via deep well injection. If the salt water is not 

separated fiom the drilling or servicing fluids, then treatment options, such as flushing, 

chemical treatment, or removal h m  site, need to be addressed (Stevens, pen. comm., 

1996). 



1 Benzene I 0.95 I 4.4 I U I 

PARAMETER mdL 

pH 

Relative amounts of salts and chlorides are very high in both 
drilling waste liquids as compared to a k s h  water drilling 
system. The introduction of the salt Levels from NaCl and KC1 
fluids into a saline formation only exacerbates the salinity 
problem i f a  spill occurs on site. 

Table 2.0: Comparison Of KCI, NaCl And Fresh Water Drilling Waste Liquids 
Source: Dudas, 1995 

C - 

Within a geological trap containing hydrocarbons, the normal stratigraphic sequence fiom 

top to bottom is gas, oil, and salt water (Figure 2.5). As a hydrocarbon pool increases in 

FRESa WATER MUD S Y m M  
7.7 

. KCI WASTE 
8.84 

age, the amount of produceable oil and gas decreases, decreasing the reservoir pressure 

(Stevens, pen. corn.,  1996). Subsequently, as a resuit of the decreased pressure, the salt 

water at the base of the reservoir begins to move upwards into the reservoir, resulting in 

higher productions of brine (Figure 2.6) (Energy Resources Consemation Board, 1995). 

This "watering out" process can be accelerated through the establishment of several wells 

NaCl WMTE 
7.6 1 
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within a reservoir. For example, the wQn "1 in the Taber region of Southern Alberta has 

been in production since the mid 1960s. This pool presently has some wells estimated at 

producing more than 90 % salt water (Currie, L., pers. comm., 1994). The extensive 

extraction of hydrocarbons b m  this pool, and others surrounding it, has resulted in 

increased production of the oWwater interface layer. The trend is towards larger volumes 

of salt water being re-injected into oil and gas reservoirs to try to maintain or enhance 

fhther oil recovery, referred to as a water flood project (Energy Resources Conservation 

Board, 1995). 

Within the geological traps, salt water can be associated with the 
oil and gas. Frequently, both the gas and the oil are produced by 
petroleum companies, leaving only the brines. As the pool or 
large area of hydrocarbon resource is drained with age, the salt 
water begins to move up in the trap. Thus, salt becomes an 
increasing problem as petroleum fields age. 

Figure 2.5: Stratigraphic Scquence Of Hydrocarbons To Briues In A Reservoir 
Source: Adapted bm: McCray and Cole, 198 1 



STAGE ONE initial production of a hydrocarbon 
reservoir 

Production 
casing 

Sdt W e r  Sduraded Stmistone 

STAGE M: Depletion of hydrocarbon reserves 
and increase in salt water levels 



STAGE 1 HFEE Watering out process near cmplction, 
salt wder is durninant fluid in r ~ o i  

Initially the formation can contain gas, oil and salt water. 
Throughout the exploitation process, the gas can eventually 
become depleted. As more drilling occurs, or more rigs are placed 
in the same formation, the oil reserves will also begin to deplete. 
As the oil and gas disappear, the amount of salt water wiU 
increase, thus the expression %atering out". The more salt water 
recovered, the more chance of spillage problems. 

Figure 2.6: Effkcts Of Exploitation On Older Oil Reservoirs 
Source: Adapted fbm: Stevens, pers. comm., I996 



This table notes the chemical compositions of oilwell brines h m  
several drilling zones in the Swan Hills Field. As observed the 
amounts and concentrations of salts naturally occurring in these 
zones are already high before any potential addition of b ~ e s  due 
to drilling, completion and servicing practices. 

( m a )  
Chloride 
Sodium 
Calcium 

Magnesium 
, Sulphates (SOI1 

pH 
EC 

Table 2.1 : Salt Water Brines Associated With The Swan HiHs Field For Various 
Drilling Zones 

Source: Dudas, 1995 

OILFIELD BRINES AND SALT 

ZONE 
132,000 
62,800 
16,100 
2,300 
150 
6.5 
19.6 

In Alberta, the relative salinity of brines within formation salt water ranges from 200,000 

to 420,000 mg/L (Hitchon and Holter, 1971). These brines primarily are composed of 

chlorides of sodium and calcium, associated with smaller levels of magnesium, 

bicarbonate and sulphate (Table 2.1) (Hitchon and Holter, 197 1). 

ZONE 
93,000 
44200 
9,700 
3,000 
1,200 
7.1 
12.3 

ZONE 
3 1,300 
19,400 
910 
240 
490 
7.9 
6.6 

ZONE 
24,800 
1 S,OOO 

570 
300 
12 
7.2 
5.8 



I Sodium chloride I NaCl I 264 f 

SALT 
I 

Sodium sulphate 
Calcium sulphate Cmsum) 

I 
- -  - 

Calcium chloride I CaCI2 I 427 1 

Harmful sodium salts and salts containing chlorides are highly 
soluble and mobile when dissolved in water. Once dissolved, 
these can easily percolate through several soil horizons, enter a 
groundwater system or nearby d a c e  water system, causing 
severe damage to plants, soil and wildlife. 

CHEMICAL FORMULA 
Na2S04. 1040  
CaSO,.2&0 

Table 2.2: Common Oilfkld Sdts And Their Solubility Ln Pure Water 
Source: Finlayson, 1993 

SOLUBLUTY~)  
160 
2 

According to Collins (1975), petroleum related brines can result through several 

processes, such as: entrapment and subsequent burial of saline waters, evaporation of 

sUTface salt water, dilution from nearby subSUTface water sources, and dilution of highly 

saline brines with fresh waters. Within each brine resemoir, four major components are! 

relatively constant in concentration. These are the sodium, calcium, chlorides and 

magnesium. The majority of oilfield brines tend to contain high amounts of sodium 

chloride salts, which are highly soluble (Table 22). These are more detrimental to plants 

and soil because of the effects of both sodium and chloride. Calcium based salts can help 

to disperse any sodium, thus are less detrimental. It can be noted that the concentratious 

of salts in brines available for purchase commercially are higher than sea water (Table 

2.3). 



I CONSTITUENT I SEA WATER I COMMERCLUBRINES 3 

I Chloride I 19,000 I 54,9 LO I 
Sodium 
Calcium 

I TOTALDISSOLVED I 31,300 I ?H,!n7 I 

The concentration of sodium, calcium and chlorides in 
commercially available brines are noticeably higher than the salts 
found in sea water. Addition of these higher salts into the 
environment can pose serious hazards when spillage occurs 
throughout the drilling, completion and abandonment processes 
associated with the Petroleum Ind~~sy's oil and gas exploitation. 

10,600 
400 

Table 2.3: SaIt And Chloride Contents In Commercial Brines Compared 
To Sea Water 

Source: Collins, 1975 

28,462 
4999 

Petroleum associated brines have been fouad in many of the subdace formations: 

Tertiary, Cretaceous, Jurassic, Permian, Pennsy1vdan, Mississippian, Devonian, 

Silurian, and Cambrian (Collins, 1975). Within these formations, high proportions of 

sodium and chloride exist, but at extremely high concentrations compared to present day 

sea water. To show the high salt contents naturally occurring in formations, Collins 

(1975), collected and analyzed 379 samples &om various commonly drilled formations 

(Figure 2.7). The highest concentrations, within Cambrian b ~ e s ,  of sodium and chloride 

were 103,000 mgR. and 20,300 mgL, respectively. The lowest concentrations of sodium 
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md chloride, were 43,000 mgL and 9,500 mg&, respectively. Therefore, there is a an 

initial threat to the environment, if ody the formation brines spill during the petroleum 

exploitation processes. To add drilling mud and cIeaning solutions with fiuthet salts only 

exacerbates a salt water spill problem (Table 2.0). 

According to Hitchon and Holter (1971), concentrations of sodium and chloride varied 

between the different formations of the Upper Devonian: Wabamun, Winterbum, and 

Woodbend groups, as illustrated in the following Table 2.4: 

I PARAMETER I WABAMUN I WINTERBURN I WOODBEND GROUP 
(ma) 

Table 2.4 Comparison Of Salinities In Commonly Drilled Formations In The 
Upper-Devonian 

Source: Hitchon and Holter, 197 1 

b 

Sodium 

Chloride 

GROUP 

18,140 to 
7 1,847 

102,000 to 
16.4000 

GROUP 
Nisku Formation Leduc I Cooking Lake I Beaverhill Lake 

55,000 

135,000 

Formation 
55,000 

148,000 

Formation 
2 1,986 to 
45,124 
150,000 

Formation 
3,000 to 58,000 

200,000 



This figure shows the percentage lcalinity distribution fkom 
stratigraphic units belonging to all periods within the Cenozoic, 
Mesozoic, and Paleozoic Eras, with the exception of Quaternary 
aged stratum belonging to the Cenozoic Era. Approximately 75.8 
percent of the formations studied contained salinities less than 
50,000 mg/L, however with increased formaton age, higher 
concentrations of salt were noted, with the exception of Silurian 
aged formations. 

Figure 2.7: Salinity Distributions Throughout Stratigraphic Units In The 
Alberta Plains 

Source: Hitchon and Holter, 1971 



28 
The subsurface strata consists of both marine and mn-marine sedimentary cock. In 

petroleum geology there is essentially no significant distiuction in the salinity 

concentrations between these two types of sedimentary rock. Intermixing of the formation 

water between the marine and non-mariue formations over time has resulted in varying 

degrees of salinity throughout all of the formations (Currie, L, pers. comm., 1997). Other 

than through formation water con tamhation, there is a potential for salt contamination 

fiom subdace  bedrock outcroppings. The calinity concentrations in the d a c e  at these 

outcrop sites would be considered naturally and would serve as a baseline level. In the 

event of further salinity contamination due to drilling and production operations, the 

reclamation of the soil would only be required to be returned to the nanual baseline 

levels, rather than removal of all salt fiom the area as per the Alberta reclamation criteria 



CHAPTERTHREE 

A BASIC IlWI'RODUCTION TO SOIL 

KEY TOPICS DISCUSSED 

t Soil development 

~t Soil components 

* Soil horizons 

* Soil textures (sepamtes) 

- Sand 

- Silt 

- Clay 

- Loam 

* Organic matter 

* Soil structure 



SOIL DEWELOPMENT 

Soil develops both fbm weathered bedrock and raw unconsolidated material overlying 

the bedrock Thus, parent material can be defined as either the uaconsolidated matter 

overlying the surface of the bedrock, or the bedrock itseK This raw inorganic parent 

material can have several origins: 

residual d a c e  materials; 

unconsolidated till (glacial); 

fluvial (deposited by flowing water); 

lacustrine (lake deposits); 

aeolian (deposited by wind); and 

colluvial (deposited by gravity). 

Each of these different parent materials will have a different composition and structure. 

Most of the Western Canadian prairie soils have developed on glacial till aad lacustrine 

materials that were deposited during the latest glaciatioa approximately 12,000 years ago. 

Along with this, a substantial amount of wind and water movement has occurred since 

glaciation, and in many areas still continues to influence soil development (Brady, 1990). 



SOIL COMPONENTS 

Soil is composed of two parts, the solid portion and the pore spaces (Figures 3.0 and 3.1). 

The solid portion is composed of the mineral particles (md, silt and clay) and organic 

matter, which is composed of decaying plants, humus and microorganisms. The pore 

space portion is filled with water, both available and uaavailable and air (Knapik and 

Walker, 1995). Depending on the environmental conditions surrounding a particular soil, 

the pore spaces may or may not contain water. For example, during droughts pore spaces 

are lacking in water and dominated by air. 

Soil can bind or tie up water by adsorbing it to the surface of its particles making it 

unavailable for the plants' use. The amount of water present in the soil will depend on the 

size of the pore spaces in the soil profile. Sandy soils have the largest portion of pore 

space, with the result that they are less capable of holding water against the pull of gravity 

draining it out. The water will flow through these soils leaving them with more air, and 

drought conditions can easily arise. h clay soils, the pore spaces are much smaller, thus, 

water can be held more tightly bound. This may create a saturated condition where there 

is more water than air. In loam soils, where there are relatively equal amounts of sand, silt 

and clay, and under conditions not influenced by either heavy rainfall or drought, there 
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are roughly equal amounts of fke water to air. Ideally, this condition is best for plant 

growth (Knapik and Walker, 1995). 

Mineral 
S o l i d s  Partides Clay 

Decaying Plants 
Humus 
Microorganisms 

Soil 

water ,--+=: Available Water 
Air Unavailable Water 

Soil is composed of both solids and pore spaces. The solids can be broken 
up into mineral particles (sand, silt, clay), and organic matter (decaying 
plants, humus, and micxoorgaaisms).The pore spaces rue filled with both 
water and air. Water can be fiuther subdivided into that which is readily 
available for plant use, and that which is unavailable for plant use because 
it is tightiy bound to the soil particles. 

Figure: 3.0 Components Of S o l  
Source: Knapik and Walker, 1995 



Organic Matter 5% 

This pie chart shows the relative proportions of each soil 
constituent. The sand, silt and clay (mineral particles), make up 
the largest portion. Under normal (neither rainy or drought) 
conditions, both water and air in the pore spaces fill relatively 
equal proportions. Organic matter, if present, generally makes up 
the smallest portion. 

Figure 3.1 : Volume Composition Of Soil Components 
Source: Brady, 1990 



SOIL HORTZONS 

Throughout the soil profile, devetopmental changes are evident as distinct layers called 

horizons (Figure 34. Horizons reflect changes in soil texture, colour, aggregate size, 

inorganic and organic matter content, nutrient and chemical composition (Brady, 1990). 

The uppermost LFH layer is the layer of dead and decomposing organic substances that 

lie on the d a c e  of the soil. The L is the section of leaves, coots, stems, etc., which can 

still be easily identified. The F is partially decomposed matter, with marginaUy 

distinguishable portions of decaying leaves, stems, rwts etc. The H is the area closest to 

the soil and the most decomposed, where the organic matter source is unidentifiable 

(Brady, 1 990)- 

The A Horrion is most fkquently referred to as the topsoil (Land Resources Network 

Ltd., 1996). The Ah is a mineral layer, often the darkest in color due to the mixing of 

organic matter accumdation firom the LFH layer above. It is frequently granular in 

structure due to the constant movement of mots, macro and micro fauna such as moles, 

earthworms and insects. A noticeably lighter Ae (eluviated section) at the bottom of this 

horizon is often noted and is caused by the leaching of clay, iron and organic matter fiom 

the Ah, or humus, darker layer above it (Brady, 1990). 
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The B Horikon is generally more columnar or blocky in m. This area is the layer 

that is most affected by both chemical and physical weathering processes. Oxidation and 

reduction, leaching of elements both upwards and downwards all play a role in the soil 

development of this layer (Brady, 1990). The B Horizon is fkquently labeled the upper 

subsoil (Land Resources Network Ltd., 19%). 

The C Horizon is the mineral layer that is relatively d e c t e d  by soil forming processes. 

It is generally referred to as the parent material and is oAen massive or blocky in structure 

(Brady, 1990). The C Horizon is most commonly referred to as the lower subsoil (Land 

Resources Network Ltd., 1996). 

The main soil horizon layers can be broken into sub-units. There are several different sub- 

units, however, there are a few that are more common within soils classified throughout 

the petroleum industry. The Ap layer is the plow layer, describing the extent to which a 

normal plow will descend. A BI unit denotes an increase in clay in that area, whereas a Bh 

unit shows an increase in humic content. The Bf unit shows that there are iron or 

aluminum accumulations and a Bn will show sodium accumulations. The Ck 

classification denotes a lime content (Knapik and Walker, 1995). 



The Ll?H iayer is the organic horizon. The L is the actual raw organic 
matter, leaves, roots etc. found on the surface. The F is partially 
decomposed organic matter with somewhat identifiable constituents. The 
H is the totally decomposed organic matter with no recognizable 
constituents remaining. 
The A Horizon is a mineral layer near the d a c e .  Often it is the darkest 
in color due to the accumulation of organic matter fhm above (Ah). It 
can also be light in nature (Ae) ifthe clay, irons and humus have been 
leached from it to the lower layers. This layer has the highest root and 
micro and macro faunal pewttation. 
The AB Horizon is a transition zone, marking the change in texture, 
colow or other properties h m  the A to B Horizons. 
The B Horizon is a m i n d  layer that may be characterized by a 
columnar structure* This zone often has the highest chemical activity, 
with oxidation and reduction occurring, as well as, leaching both 
upwards a d  downwards. 
The BC Horizon is a transition zone between the B and C Horizons. 
The C Horizon is a mineral horizon that is relatively unaffected by the 
soil forming processes. This is the parent material. 

Figure 3.2: Typical Horizons Found In A Soil Profile 
Source: Alberta Agriculture, 1985 



The different soil horizons usually can be relatively easily distinguished. The A Horizon 

in general is darker due to the organic matter content. Generally, it is easily breakable and 

often granular in nature. Roots, stems and rocks can all be present, There are a lot of pore 

spaces created by both roots aud micro and macrofaunal activity. The B Horizon is in 

general more compact with more fine clay materials, and is often considered bloc6 or 

prismatic in nature. The C Horizon is unaltered loose material or bedrock. There may be 

calcium carbonate present which will react by bubbling if acid is applied. The C Horizon 

structure is usually classified as massive or blocky (Kaapik and Walket, 1995). 

The depth of development of the soil profile is strongly influenced by the rate of water 

movement through the profile, anaerobic and aerobic (oxygen) related factors and texture 

(Brady, 1990). The above mentioned influences are directly linked to the permeability and 

porosity of a soil. Soil porosity is the total volume of soil not occupied by solid particles, 

while'permeability is the ability of gases or liquids to pass through the pore spaces 

(Figure 3.3). @rady, 1990). Clay having the smallest particle size, and closest particle 

compaction, has smaller pore spaces available. Thus, with reduced porosity, low 

permeability results. On the other hand, sand having the largest particle size has greater 

space between particles, therefore, higher permeability. It is possible to have similar 

porosity in all three soil particle sizes, but changes in permeability can occur due to the 
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size of the pore spaces (Brady, 11990). Root penetration and flow of nutrients, minerals, 

water and air all influence the development of the soil profile. In heavier clay soils, soil 

development will tend to be shallower, where as, in Lighter saifilier to loamy materials, 

soil development will be deeper. 

Granular or single grained soils allow a greater flow through of 
air and liquid than do the prismatichlocky and the massive/platy 
soils. 

Figure 3.3: Permeability Of Liquids Through Various Soil Structures 
Source: Alberta Agriculture, 1985 

Areas that may have captured water for a short time after a spring runoff or during a 

heavy rainf' can show signs of strong leaching. Soil profiles in these areas have the 

potential to be deeper, thicker versions of the soils on the surrounding slopes, if the soil 
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has drained reasonably well between wettings. These soils will usually be agriculturally 

productive. tn where ponding occllrs fhquently sad for long durations, the drainage 

tbrough the soil is poor. This results in soils that are soggy and do not drain fast enough to 

keep the subdace soil well oxygenad in these instances, there is usually heavy 

organic accumulation at or near the surface of the profile, a high water table, and poor or 

slow leaching of nutrients, all resulting in little or no soil development Soils in these 

areas are usually unproductive agriculturally unless the drainage throughout the profile is 

improved and maintained. Ponded areas that have native salts leached fiom the 

surrounding land areas often have drainage rates tbat are so low that evaporation is the 

major water loss problem. As a result, visible salt accumulation will be easily noticeable, 

especially on damp soils or at the edge of pooled water, often referred to as the 

evaporative h g e .  The increase in salt is due primarily to a higher amount of evaporation 

at the surface, thus drawing the saline soil water closer to the surface. These soils are 

unproductive due to both poor soil development and the highly toxic accumulation of salt 

(Alberta Agriculture, 1985). 

Soil types can be loosely classified and mapped throughout the province based on the 

regional climates and geological and physical processes occurring in different areas over 

time (Figure 3.4). 



Soil types can be loosely grouped thugtiout Alberta due to 
regional climates, and geological and physical processes that 
occurred in these Wetent areas throughout time to influence soil 
formation procedues. Note: recent classification changes: Brown 
and Black soils are Chemozem, Gray Wooded soils are Luvisols, 
and Brown Wooded soils correspond to Brunisols. 

Figure 3.4 Soil Type Distribution Throughout Alberta 
Source: Alberta Agriculture, 1985 



SOIL TEXTURES (SEPARATES1 

The source of the unconsolidated parent material, as well as the way it was deposited, 

strongly a f E i  both the soil texture: the relative sand, silt and clay content, and the 

mineral particle size. There are tbree main size components in the soil: sand, silt and clay 

particles (Figure 3.5). Sand particles are the largest with silt being the medium sized 

component and clay being the smallest particle. 

Sand particles range in size between 0.05 mm and 2 mm. These grains are composed of 

primarily minerals that have very Little surface area for their weight. As a result, they 

remain as individual particles or grains very loosely held together, and surrounded by 

large pore spaces (Dudas, 1995). As a consequence of the small amount of surface area, 

there are little or no active areas to hold water, attract mineral ions, or fonn complexes 

with organic matter. These soils are easily and quickly drained through the large pore 

spaces. However, the large pore spaces do allow ease of access for air, roots and water, 

but also have the drawback of higher nutrient loss (Alberta Agriculture, 1985). Sand will 

easily fall apart or crumble when dry, will form clumps when wet but will again crumble 

if dried. 



Silt particles range in size b m  0.05 mm to 0.002 mm. These are smaller than sand grains 

with approximately 10 times the d a c e  area of a sand particle (Petroleum Industry 

Training Service, 1994). Silts can contain the solid form of many soluble salts such as 

carbonates, sulfates and chlorides @udas, 1995). Soils that have a high silt content will 

drain more slowly than those soils with a high sand content, and have the potential of 

holding more nutrient ions and are thus considered more productive (Alberta Agriculture, 

1985). 

Clay particles are less than 0.002 mm in size. They are very small, plate-like mineral 

fragments that have 100 to 10,000 times the relative surface area of a sand Due to their 

small size, clay particles also can be leached down through the soil profile along with the 

water. Clay particle behavior can be influenced by chemical and electrochemical 

interactions on their SUTfaces, as well as with different ion contents within the soil or 

surface water. Clays will become sticky when wet and moldable when moist When dry, 

clay will tend to break into hard clumps (Shaw, 1928). The clay content will determine 

the water and nutrient-holding capacity of that soil (Alberta Agriculture, 1985). The 
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surfaces of clay particles are dominated by negative electrical charges, and as a result they 

attract the positive cations such as calcium, magnesium, sodium and potassium. The 

negative anions of chloride and sulphate are not attracted to the negatively charged clay 

particles and therefore move more k l y  through the soil complex (Petroleum Industry 

Training Service, 1994). The type of cations attached to the clay particles strongly affect 

the clay's shape and alignment. In the presence of calcium and magnesium, individual 

clay particles easily form irregular shaped associations that have stability when both 

wetted and dried, yet also allow water to move between them. When s o d i u m  dominates, 

the clay particles tend to disperse, collapsing or pancaking when dry, and swelling when 

wet Collapsing or welling of the soil particles will severely restrict the water, nutrient 

and air movement through the soil profile (Alberta Agriculture, 1985). The strong 

advantages that some clays provide for reducing flow of Liquids is exemplified by the 

utilization of kaolinitic (non-expanding) clay, by the oil and gas industry as lining for 

sumps containing drilling waste fluids (Stevens, pets. comm., 1996). It is the combination 

of the expanding clay, fine textures, and a large amount of sodium that results in the 

challenges for remediation of sodium salt affected soils (Dudas, 1995). 



ham, is theoreticallyy soil which contains about an equal amount of each of the three 

components of  sand, silt and clay, thus, none of the components characteristics dominates 

the soil make-up (Bradyy 1990). Frequently, however the amounts of these soil separates 

vary and the soil classification is then be modified (Bradyy 1990). Variations in loam soils 

include: 

Sandy Loam SL 

Silty Loam SiL 

Clay Loam CL 

Silty Clay Loam SiCL 

Sandy Clay Loam SCL 

With relatively equal amounts of each sized separate, loam soils should have the best 

proportion for fke water and air pore spaces that can be found hams are ideally the best 

soil condition for plants because the flow through of air, water and nutrients can be 

optimized. Plants will be able to root and germinate through the various pore sizes and 

derive the water, air and nutrients that they need from the surrounding soil solution 

relatively easily (Brady, 1990). 

Several factors can influence the stability of the soil aggregates. The introduction of 

saline water will cause dispersion of the clays within the aggregate groups. This will 
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fiuther lead to total aggregate destruction (Dudas, 1995). Calcium ions can bid  two soil 

particles togetha due to the two positive charges attmcthg two negative clay particles. 

Sodium has only one charge, therefore, the soil particle will not be able to bond with 

another soil particle. Introduction of k h  water immediately after a spill into the 

compromised soil structure will W e r  expand the soil particles. Dispersion of the soil 

will then readily occur once the weak shear forces of the particles are exposed to elements 

such as rain (KBL Land Use Consulting, pers. corrrm, 1996). Susceptibility to erosion 

will increase on soils in which significant dispersion and vegetation stress has occurred. 

The infiltration rate of a soil pertains to the fluctuation in the volume of the water flowing 

into the soil relative to the total surface area. When a soil is dry, upon initial wetting the 

infiltration rate is generally highest and then decreases to a constant value (Dudas, 1995). 

The rate of infiltration depends upon the concentrations of the individual soil separates 

(sand, silt, and clay), as well as, the overall soil structure. 



Soils are comprised of three sizes of separates: sand, silt and clay. 
The separates combine in differing proportions to give various 
soil textures based on the percentages of each of the three 
separates in the soil. In general, soils containing clay will tend to 
ribbon or form worm-like structures. Soils with a higher clay 
content tend to have a more developed structure. Silty soils will 
feel smooth or soft, while saudy soils feel coarse and granular, 
like sugar cryds. 

Figure 3.5: Soil Textural Cluses 
Source: Agriculture Canada, 1987 



ORGANIC MATTER 

The uppennost portion of the soil profile is the LFH layer, ref& to as the litter layer. 

This area is composed of plant materials that are in various stages of decornpositio~~ 

Organic matter can be grouped into three categories: 

1. solid plant residues and Leaf and stem Litter (L) with easily distinguishable 

constituent parts 

2. partially degraded Litter or fibrous residue (F) with barely identifiable 

constituents 

3. highly degraded or partially soluble organic humus (H) with totally 

unidentifiable constituents, 

Vegetation growth gradually will build up a resemoir of  surface organic matter that then 

can leach through the whole soil profile (Brady, 1990). This highly degraded organic 

matter can easily be transported down into the mineral m a t e d  in the A or B Horizons of 

the profile. Degraded organic matter may also exist naturally in the soil complex, having 

been directly deposited as root exudates and residues of micro and macro f a d  remains 

(Brady, 1990). 
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Organic matter has a large reactive surface and can provide an even greater water, 

nutrient and ion holding capacity than clay. Sodium intrusion will have less of an effect 

on a soil if the organic matter occurs in conjunction with clay particles rather than on clay 

particles done. In a soil complex containing clay and organic matter, once a sodium 

dispersion process is initiated, organic matter alone will be unable to maintain the stable 

complexes and aggregates needed to sustain healthy soil (Alberta Agriculture, 1985). 

Soils with organic matter tend to have higher soil water retention abilities, and are 

generally more acidic. Ifa salt affected soil dries, and is resaturated with water, there is 

the potential for dispersion of the soil particles. The water holding capability of the 

organic matter component of the soil prevents the soil fiom drying out, improving soluble 

salt exchange during treatment. 

Several Alberta soil areas are loamy in texture, and are often the most productive due to 

the combination of properties in the sand/silt/cIay mixture. These soils will dmin well and 

have adequate pore spaces for plant mots and microfauna, as a result of the sand 

constituent, yet still will have a good moisture and nutrient holding capacity due to the 

silt, clay and organic matter components. As a result, loam soils tend to support good 

vegetation growth and can maintain healthy soil development (Petroleum Industry 

Training Service, 1995a). 



SOIL STRUCTURE 

In healthy soils, especially near the flItface where root activity is highest, smaller mineral 

particles gather together into larger particles, forming a soil aggregate. As a result, there 

will be spaces or pores between these aggregates that will allow water, nutrient and air 

movement and circulation, 

Within the soil structure, individual particles or aggregates become arranged into larger 

structures that can be observed when a soil is broken apart. In a well developed topsoil, 

the aggregates are quite small and are rounded, portraying a granular structure that is 

highly dependent for its formation and maintenance on clay stability, organic matter and 

root activity. Lower in the soil profile, roots will have less of an effect, and the soil's 

response to moisture, drainage, fiost, and compaction will result in a structure that is 

larger and more blocky or prismatic. Deeper horizons and parent material are often 

"massive" with no distinct divisions or structure (Figure 3.6) (Brady, 1990). 
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Soil horizons can generally be found to follow certain particle 
types and grouping styles. This can help a soils technologist to 
determine where one horizon ends and the next starts. A Horizons 
tend to be granular, while B and C Horizons will be more blocky 
and prismatic. 

Figure 3.6: Soil Particle Types And Structures 
Source: Agricdture Canada, 1987 

The most active and structured portion of a soil profile is near the dace. This area, the 

A Horizon is affected by both organic materials from the LFH layer leaching into it, and 

macro and micro fauna (moles, worms etc.) burrowing through i t  Root growth through 

this layer to the lower B Horizon will also affect stmchtre in the A Horizon. Water 
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movement, as well as salt migration in a soil, will depend on the texture and aggregation 

of the soil. Sandy or well aggregated soils will d o w  easy flow of water, nutrients, ions, 

salt and air, while heavier silt and clay soils with poor aggregation will restrict flow. The 

direction of water movement depends on whether there is enough fke surrounding water 

and whether the soil and climatic conditions promote water drainage downwards or 

excessive evapotranspiration and capillary rise of water back up to the d a c e .  Plants will 

also affect water movement via mot uptake and evapotranspiration. Salt will easily 

migrate with the flow of water, and depending on the net result of all these movements, 

could move down through the soil profile, be dram up h m  deeper levels to concentrate 

near the surface, or come to some relatively stable distribution throughout the soil 

(Petroleum Industry Training Service, 1994). 



CaAPTER FOUR 

TIIE EFFECTS OF SALT INJECTION ON SOIL PROPEXTIES 

KEY TOPICS DISCUSSED 

Effects of salinity on soil properties 

Electric double layer theory 

Salt movement in the soil profile 

- Leaching 

- Capillary action "rise" 

- Evaporation 

- Chemical difbion 
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EFFECTS OF SALINITY ON SOIL PROPERTIES 

The theory and process of cation exchange involves the interchange of the loosely held 

positive and negative ions, on both the SUffhces of clay and organic matter in the soil, 

with both positive and negative ions, found in the solution surrounding the soil particles, 

referred to as the bulk solution (Figure 4.0). This interchange is assisted by the negatively 

charged ions of clays and organic matter amacting the positively charged ions in the 

surrounding solution. This reaction involves the constant backward and forward 

movement of ions in the solution phase qlacing the adsorbed, exchangeable, cations on 

the soil particles. An increase in the concentration of sodium ions in the soil solution and 

on the soil particle sites will result in weaker bonds between soil particles that can be 

easily broken. The breaking of the bonds between the soil particles can result in the 

exchange of cations h m  the soil solution phase with the available exchange sites 

(Dudas, 1995). 

Soils unaffected by sodium salt intrusion will be loosely packed allowing free movement 

of air, water and nutrients. Soils that are ef f ied  by a sodium salt spill will disperse. The 

particles will align and restrict k e  flow through of air, water and nutrients. Ponding will 

easily occur with the reduced water infiltration (Figure 4.1). 



The d a c e  of the soil clay particle is covered with negatively 
charged exchange sites where free cations (positive ions) in the 
surrounding soil solution can attach. 

Figure 4.0: Clay Particle With Surrounding Exchangeable Cations 
Source: Dudas, 1995 



NORMAL SOIL SALT W A m  SPlLh ON SO& 

In the event of a salt spill the sodium ions will bond more easily 
to the clay particle. Sodium ions can only bond singly, thus, a 
pancaking or flattening o f  the particles occurs. Flat, aligned 
particles reduce the movement of water, air and nutrients, and 
promote ponding. When calcium or magnesium, which can bond 
with two particles, the soil particle alignment becomes more 
irregular in shape. This irregularity will allow water, air and 
nutrients to pass through the soil profile easily. 

Figure 4.1 : Eff- Of A Sak Water Spill On Nomd Sail 
Source: Knapik and Walker, 1995 

Western Canadian soils typically have a clay percentage o f  4 to 75 %, with organic matter 

content being 0 to 15 %. Expanding clays are highly prevalent in the soils of Western 
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Canada @udas, 1995). Soils with a high total cation exchange capacity WC) are the 

most suscepti'ble to sodium salt induced problems, because the expanding clays will 

easily create dispersion problems. 

Dispersion occurs when the clay particles align horizontally with each other. To treat any 

soil, the total cation exchange capacity (nC) and exchangeable sodium percentage (ESP) 

must be calculated. These provide the concentration of sodium in the subject soil. The 

total cation exchange capacity of a soil will vary depending on the texture of the soil, 

organic matter content and clay mineralogy. According to Dudas (1995), the total cation 

exchange capacity can be estimated by using the following equation: 

TEC (meqI100 g soil) = 0.65 s percentclay + 2.0 x percent soil 
organic matter. 

TEC = total cation exchange capacity 

The exchangeable sodium percentage wiU provide a measure of the existing exchange 

complex that is occupied by sodium. 
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The concentration of sodium in the soil and the amount of sodium to be exchanged 

requirp the exchangeable sodium petcentage and the total cation exchange fapacity in 

their calculations. To obtain the concentration of sodium ma), the following calculation 

applies: 

Concentration of Na = CEC x ESP 

(me4/1 100 

CEC = cation exchange capacity 
ESP = exchangeable sodium petcentage 

Normally, soil will have a specific gravity of approximately one, or a density of 1 12 

lbdcubic foot An acre of dry soil, one foot in depth has a soil mass of four million 

pounds, (1 pound = 454 gm) ( D L  Land Use Consulting, pers. comm., 1996). With this 

weight measurement, the total amount of sodium in the exchange complex can be 

calculated using the following equation: 

Total Sodium (Na) = Na meq x grams of soil 

m m 
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Normally, for agricultural purposes, one would wish to reduce the sodium content to 

below 15 %. If the sodium content rises above 15 % plant growth will be adver~eLy 

&ected. To accomplish this task the following formula should be applid 

ESP - IS 
ESP 

ESP = exchangeable sodium percentage 

To determine the amount of exchangeable sodium in a profile, the equation can be 

dculated in one of two ways: 

CEC x ESP x soil mass x ESP - 15 

100 ESP 

CEC x ESP - 15 

100 

s soil mass 

CEC = cation exchange capacity 
ESP = exchangeable sodium percentage 
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The number of exchangeable cations held by a colloid particle is influenced by the pH of 

the soil solution. Exchangeable cations are divided into two groups based on acidity: 

basic exchangeable cations (calcium, magnesium, sodium and potassium), and acidic 

exchangeable cations (aluminum and hydrogen). Divalent cations (calcium and 

magnesium) are those which can attach to two different sitg and normally will dominate 

over the monovalent ions (sodium, potassium), which can attach to only one site (KBL 

Land Use Consulting, pers. comm., 1996). It is more desirable for a solution to contain 

divalent ions because each ion can then bond with two exchange sites creating a more 

stable soil profile. This allows a more aggregated or flocculated configuration of the soil 

particles. In the case of monovalent ions, each ion will bond with only one exchange site 

which can cause a pancaking or lying flat of the particles. The more open the soil 

configuration, the more pore spaces are available for air, moisture and nutrient flow 

through, as well as growth areas for plant roots and passages for micro and macro faunal 

activity. The majority of all the subsoils in Western Canada contain fiee lime with pH 

values above 7.0. While in the absence of sodium salts the exchangeable cation chemistry 

of most h e  containing subsoils is approximately 75 % exchangeable calcium, and 25 % 

exchangeable magnesium (Dudas, 1995). 

One of the most important reactions in salt affected soil is the cation exchange involving 

the sodium ion. Sodium ions are highly mobile and disperse easily. If sodium is the 

dominant ion in a solution, the soil platelets will initially expand slightly causing the 
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particle s t r ~ ~ t l l ~  to become unstable (KBL Land Use Consulting, pers. comm., 1996). 

The number of cations absorbed fbm the surrounding so1ution wil l  remain fixed, but the 

relative distniution of exchangeable sodium will change as a fimction of how much 

sodium, relative to other cations, is present in the sosolution (Dudas, 1995). 

The sodium absorption ratio (SAR) is a parameter which predominantly assesses soil and 

solution water quality. It expresses the relative amount of sodium ions in solution to 

calcium and magnesium ions. The SAR is used to determine the sodium hazard of spill 

solutior~~, irrigation water used to flush the spill, and the subsequent soil water drained. It 

is a principle factor used in assessing how soils will respond to saline water interruption 

(Dudas, 1995). The SAR cm be calculated automatidly by the lab when soil samples are 

sent in, or can be calculated using the following formula: 

Na mealL 

SAR = C a m 6  + MnmedL 

2 

SAR = sodium absorption ratio 
Na = sodium 
Ca = calcium 
Mg = magnesium 



SALT LEVEL VISUAL EFFECT ON SOIL 

Sodium salt problems can be readily identified in soil due to the 
white crusting which fonns even at medium levels of salt 
intrusiotl. At very low levels of salt disturbance visual symptoms 
cannot easily be noticed. Cracking and dry white powder is very 
identifiable at higher levels of salt infestatio~ 

Medium 

Table 4.0: Visual Effects Of SaIt Mected Soil 
Source: Adapted From Chapter Four 

Ponding of water with white edged &inkg 
White powder caked on surfisice 
DBiculty break@ or probing into B Horizon 

layer 
Sogginess or sponginess of soil 
Cracking and dryness 
Diamond shaped cracking pa- 
Rutting similar to erosion pmbIems 

ELECTRIC DOUBLE LAYER THEORY 

According to Dudas (1995), the electric double layer theory relates to the fact that clays 

have a net negative charge. This negative charge attracts exchangeable positive ions &om 

the mmding soil solution. The exchangeable cations wiU swarm around the clay 

particle forming a layer. Due to their hydrated particle size, this layer can consume a large 

amount of space. Anions will be excluded h m  the area around the clay due to the 

repulsion factor of the like negative charges, thus an electric double layer is formed. The 
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electric double layer will be composed of one layer of negative charges on the Surface of 

the clay particle, and one diffuse layer of positive charges in the distance between the clay 

rmrfire and the region of  the bulk solution of ions (Figures 4.2 and 4.3). The size of the 

negative charge tends to decrease across this distance. The bulk solution of ions is d the 

k e  floating ions in the surrounding soil region. Once the area of  the bulk solution of ions 

is reached, the charge changes h m  negative to zero, and the solution becomes balanced 

by the exchangeable cations. 

Clays with a net negative charge will attract exchangeable 
positive ions from the surrounding solution. These will swarm 
around the clay particle forming a layer. 

Figure 4.2: Electric Double Layer 
Source: Dudas, 1995 



63 
Monovalent sodium ions am larger than divalent calcium ions, therefore, the thickness of 

the double layer will be larger for monovalent cations, those able to bond with ody one 

other ion, and will decrease as the ionic strength increases. With divalent cations such as 

calcium and magnesium, those able to bond with the clay particle and another ion, the 

thickness of the layer will be greater, due to the bunched configuration present when 

particles are joined to one another, than with sodium ions which can only bond with the 

clay particle creating a more flattened, thinner layer (Dudas, 1995). The bunched 

configuration associated with calcium rich soils has more pores spaces which allow the 

transport of water, nutrients, air, etc., through the soil profile. The flattened, aligned layer 

associated with sodium rich soils does not allow ease of transport of water, nutrients, air, 

etc., due to the restricted amounts of pore spaces. 

The double layer thickness is wider for sodium because it is a 
larger ion, and narrower for the smaller calcium ion. 

Figure 4.3: Thickness Of The Electric Double Layer 
Source: Dudas, 1995 
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The most desired condition for soils is flocculated, Flocculated soils are those in which 

the fine particles are aggregated into small clumps, or flocculants (Brady, 1990). Physical 

conditions of the soil, such as: hydraulic conductivity, permeability and aggregate 

stability are dependent on the state of flocculation of the clays in the soil (Dudas, 1995). 

SALT MOVEMENT IN THE SOIL PROFILE 

Soluble salts are able to move easily in any direction within the soil prome via leaching. 

Downward leaching depends on the amount of water available to percolate through the 

soil profile, as well as the size of the pore spaces available to allow water passage. Within 

the soil profile, the amount of available water is dependent on several other soil fhctions 

and properties. Specifically, the amount of available water is dependent upon 

precipitation, evapotranspiration and hydraulic conductivity. Hydroconductivity is a 

fimction of the soil texture, mainly the amount of clay in a soil, and the saturating cations, 

predominantly sodium. Each factor relies on certain environmental conditions in order to 

function properly (Finlayson, 1993). Even simple changes such as increasing moisture 

throughout the soil matrix could result in both deeper leaching of clay minerals and salts, 

and the production of more organic matter (Petroleum Industry Training Service, 199%). 
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The more water that flows through the soil profile, the greater the likelihood tbat 

materials on or near the d a c e  of the profile will eventually be leached M e r  

downward into the lower horizons. With increased moisture there can be a faster decay of 

the surface debris which can assist in the ptoduction of organic matter. 

B. CAPILLARY ACTION PRISE? 

Mobile salts are able to move with the pore water that surrounds both the plant root zone 

and the soil particles. Typically, these salts will move ern areas that have a high water 

table, via capillary action, through the soil pores. The factors affecting the salinization of 

the root zone material by capillary action include: 

I .  the amount of capillary rise in the soil, 

2. the depth to the water table; and 

3. temperature. 

When the water table is within two meters of the surface, depending on soil texture, 

structure, organic matter content, and pore space, capillary movement will be able to 
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carry water to the &ace. Often, however, capcapillary rise only tends to occur within the 

top one meter of the soil profile (Finlayson, 1993). 

C. EVAPORATION 

With increased warm temperatures during the spring and summer months, lower humidity 

levels and stronger wind evaporation, water at the soil surface wiU tend to evaporate 

quickly, leaving the salts to accumulate at or near the surfice. Salt accumulation will 

occur whenever the quantity of water leaving the soil d a c e  by evaporation exceeds the 

quantity of water that enters the soil through rainfall, irrigation and runoff accumulation 

(Henry et al., 1987). 

D. CEIEMICAL DIFUSSION 

According to Finlayson (1993), the movement of soluble salts by chemical diffusion 

normally happens within 30 cm above the interface between the soil and the salt. The 

factors affecting chemical d m i o n  include: 

1. the degree of sharpness at the gradient between the non-saline soil 

materials and the strongly saline materials; and 
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2. the hydraulic conductivity of the materials- Materials with low hydraulic 

conductivity are the most susceptiile to salt infiltration 

Temperature gradients can also affect the movement of salts through the pore spaces in 

the soil. Soil water will tend to move h m  the warmer areas at lower depths, to the cooler 

f k a h g  line near the soil surfilce. As a result, the salt will also be transported upwards 

with the water. During summer, with increased temperatures, evaporation will draw the 

water and the salts upward through the soil profile. This will create a seasonal fluctuation 

in soil salinity pinlayson, 1993). Further, increasing temperature can also result in 

heightened biological activity, which can create faster and more organic matter 

degradation that could be subsequently leached deeper into the soil matrix (Petroleum 

Industry Training Service, 1994). 

SUSCEPTIBILITY OF CLAYS TO SODIUM 

Of the several fixtors that can inhibit or enhance the eEectveness of salinity, a 

predominant factor is the texture or sand, silt and clay composition. It is commody 

agreed that soils with higher clay fiactions are more susceptible to salinity problems. 



This susceptibility is mainly because of the following: 

1. The platy shape of the particles has a high specific d a c e  area, and thus 

has the highest cation holding capacity of the three separates, 

2. The particles usually carry a negative charge which is neutralized by 

adsorbed cations, such as caicium and magnesium, 

3. The clay soil particle is made of alumino-silicate sheets which result in a 

platy shape, and 

4. Clays are known to retain more cations for a longer period of  time. 

Brine spills will saturate the soil with a heavy sodium chloride solution. This c a w s  the 

sodium to displace the calcium on the clay particles. As the soil begins to dry, the sodium 

becomes relatively more and more concentrated. Often there is not enough soluble 

calcium in the soil matrix to displace the sodium. Therefore, the sodium will easily begin 

to dominate the soil complex. As a result, the clay particles will begin to slowly lose their 

attraction to each other, even to the point of repelling each other. The soil aggregation 

that depended on the coating, bridging and binding of  larger particles and organic matter 

will break apart, and the clay particles will then disperse or dissociate from each other 

(Petroleum Industry Training Service, 1994). The dispersed clay particles wil l  then create 
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a zone of low permeability by aligning into a horizontal pattern, thus reducing the overall 

pore spaces available for water end air movement through the soil (Innest 1978). The key 

factor throughout this process is the S A R  As the SAR increasesy the productivity of the 

soil will decrease. Wha the SAR has reached the range of 15, soil is considered non- 

productive (Innes, 1978). The sodium ions can very strongly atfix to the clay so that they 

are not easily leached out of the soil. Therefore, the dominance of sodium ions in the soil 

solution must be reduced by increasing the exchangeable ions, such as calcium, in the soil 

solution. The sodium ions must then be qyickly leached fiom the affected area to prevent 

any re-binding to the particles h m  the surrounding solution ( I ~ e s ,  1978). 

As long as the brine remains and the soil remains at a constant salinity, continued 

dispersion of the soil is slowed or inhibited. If the soluble ions are immediately flushed 

with f k h  water through the soil complex, &her dispersion will easily and quickly 

occur. When this dispersed soil layer dries, it will shrink to a nearly impenetrable cake 

which wil l  swell shut when rewetted. As long as the sodium remains the dominant ion, 

the dispersed clay particles will resist reforming their associations with the other soil 

particles, and any associations that remain are subjected to the excessive swelling and 

shrinkage of the neighboring sodium affected soil particles (Petroleum Industry Training 

Service, 1994). 



S4CINE DEFINITIONS 

The salt solutions that accumutate in soils con& of various proportions of sodium, 

calcium, and magnesium cations, as well as chloride and sulphate anions. A common 

definition of a salt affected soil is one that contains sufficient concentrations of 

exchangeable sodium and/or soluble salts- Them are various different scales used to 

assess salinity- Each of these give different numerical values because they refer to 

different measurement systems. These Merent measurement systems are all standard 

throughout the industry and one can expect to find each on reports coming back &om the 

various different labs. Technical definitions of soils that are saline are those that have an 

electrical conductivity (EC) greater than 2 d~m-',  irrespective of the sodium absorption 

ratio (SAR) and pH values (Sharma and Gupta, 1986). Soil, however, is also designated 

as saline at a minimum conductivity of 4 mmhos/cm (Edwards and Blauel, 1975). 

Further, if the sodium ion content in the soil is 80 % or over, SAR values will tend to be 

15 or higher (Sharma and Gupta, 1986). Approximately a depth of 0.5 cm of fresh water 

is required to leach 80 % of the soluble salt through a one centimeter depth of a soil 

profile (Shanna and Gupta, 1986). According to Sbainberg (1975), increases in the salt 

content in the soil solution and the degree of saturation allowed by the exchange complex 

with sodium, can have hamfhl eff- on both halophytes (salt tolerant plants) and 

glywphytes (salt intolerant plants). 
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Salinity is also measured as the electrical conductivity (EC) of an extract of soil water. 

However, this is only an approximate indicator of the dissolved salt content. The soil 

extract will also have a specific ion content that reflects the relative amounts of  calcium, 

magnesium and sodium in the clay. Using an equation that adjusts for the different 

chemical influence of the ions on the clay particles, the sodium absorption ration (SAR) 

can be calculated. Above a SAR Level of  10 to 15, dispersion can occur (Petroleum 

Industry Training Service, 1994). 

Calcium and magnesium are the principle cations found within the exchange complex. 

When high concentrations of exchangeable sodium are introduced into the soil solution, 

the soluble salts, such as sodium chioride, will in turn become the major cations. The 

sodium replaces part of the caicium and magnesium components of the exchange 

complex. It has been noted that 15 % or greater sodium within the exchange complex is 

Mcient  to interfere with the growth of most plant species. The adsorption of excessive 

amounts of sodium will eventually Lead to the dispersion of the clay particles, reducing 

soil water drainage by reducing the size of the pores, and plugging the macro and micro 

pores, afTecting aeration, gas exchange, and soil water transport (Edwards and Blauel, 

1975). 



SALINE ALTERATIONS TO TEE SOIL SYSTEM 

Several components of the soil system are altered with the introduction of sodium into the 

soil solution as the result of a brine spill; pH, SAR, exchangeable sodium, and EC. In the 

case of sodium chloride brines, the predominant oilfield brine, chloride levels are 

significantly altered, resulting in inhibited plant growth (Clark and Thimm, 1975). Soil 

subjected to high sodium influx will often become bloclry and compact, losing its fkiable 

characteristics (Edwards and Blawl, 1975). Chloride and soluble cations will increase 

following salt water contact, and increases are more pronounced in areas that are boggy 

(muskeg) in nature (Edwards and Blauel, 1975). Also, soil pH will increase following salt 

water contact, as well as significaat increases in EC. Further, the lodging and clogging of 

clay particles that have been dispersed previously in conducting pores, will decrease the 

hydraulic conductivity of the soil measurably (Alperovitch et al., 1985). 

DISPERSION PREVENTION 

Low calcium salt concentrations in the leaching or flushing water applied immediately 

after a spill will actually prevent clay dispersion, and the loss of hydraulic conductivity in 

soils with an exchangeable sodium percentage of 30 or less (Alperovitch et al., 1985). 

Fresh water alone will cause the soil to M e r  disperse. A calcium source in the leaching 
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water wi l l  begin to displace the sodium and -ate the soil par&icles. Sodic soils 

initially containing readily weatherable minds ,  such as calcium carbonate, plagioclase, 

feldspars and hornblende, will t ad  not to disperse when leached, if the concenttations of  

salt in the soil solution are high enough to prevent clay dispersion (Alperovkh et al., 

1985). In non-calcareous soils, exchangeable magnesium will stabilize the stnrtllre of the 

soil and prevent clay dispersion. Normally, electrolyte concentrations of soil with 

magnesium are lower and clay dispersion will likely occur. In calcareous soils, however, 

exchangeable magnesium enhances carbonate dissolution, and increases the electrolyte 

con cent ratio^ Thus, clay dispersion and lowering of soil hydraulic conductivity is 

prevented (Alperovitch et al., 1985). Dispersion wil l  be unlikely or minimal in low clay 

soils but high in organic matter soils (Webster, 1975). 

Downward movement of toxic chloride ions will depend on the solubility of the chloride 

compounds formed, d a c e  nm-off, and groundwater movements in contaminated areas 

(Edwards and Blauel, 1975). Chloride migration is highest at the profile surface, 

decreasing with depth. To control this movement, containment of the spill and flushing of 

tbe site is recommended (Edwards and Blauel, 1975). Relatively Little lateral movement 

of chloride usually occurs; and any lateral movement can be contained through the use of 
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physical such as bell holes or drainage systems. Little can be done to prevent the 

downward movement of soiuble chloride ions. Placement of weeping or drain tiles in the 

soil can assist in the prevention of cbloride migration, via removal, however, this 

technique does not remove all the chloride. 

SPILL CONTAINMENT 

Containment also depends on the source and timing of the spill. Surfme spills involve 

downward migration of  soluble salts, and if controlled immediately after the occurrence 

of the spill may; only affect the upper 30 to 45 cm of the soil profile (depending on the 

separate composition). In this case, d a c e  ponding of saline liquids can be removed by 

vacuum trucks, reducing the overall volume of soluble salts that could affect the soil and 

vegetation. Drainage systems could then be placed beneath the affected zone to remove 

any leached salts during remediation. Seasonal timing is another factor in containment. 

Salt spills occuning during the winter can be far easier to contain due to restrictions in 

downward movements through the hzen soil. In hzen conditions, a large portion of the 

salt water can be removed without affecting the upper soil profile. 

The direct amount of salt in a soil can be determined by a simple water extraction 

procedure followed by evaporation and weighing of the residue. This procedure gives a 
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measure of total dissolved salt (TDS) in mg/L, and is easily performed by a lab on soil 

samples (Dudas, 1995). 



CHAPTERFIVE 

THE EFFECT OF SALT DISTURBANCE ON PLANTS 

KEY TOPICS DISCUSSED 

Salinity effects on plant properties 

Visual symptoms of sodium salt exposure 

Metabolic effects of sodium exposure 

Chloride toxicity 

Effects of calinity on forest species 

Avoidance mechaaisms 

Tolerance 

Effects on growth patterns 

Salt e f f i  on animals and people 



SALINITY EFFECTS ON PLANT PROPERTIES 

Sodium salts do not only affect soil properties, they can be absorbed d y  by plants and 

wi l l  harm the intemal structures of the plant, eventually causing growth retardation and 

death (Table 5.0). Sodium salts & i t  plants in two major ways, initially they will directly 

inhibit plant growth and uptake of nutrients and water. Secondarily, sodium salt affected 

soils tend to be very hard when dry, and sticky, massive, and impermeable when wet, 

restricting seed germination and root penetration (Finlayson, 1993). 

SALINITY (dS/m) Electrical Conductivitv I COMMON FEATURES 
- internally affects sensitive crops 
- visually detrimental s i p s  may not yet 
be obvious 

The higher the concentration of salt in the soil, the more detrimental 
effects that will show on the plants until death eventually occurs. 

4 

8 

16 

Table 5.0: Effects Of Various Levels Of Salinity On Phnt Growth 
Source: Finlayson, 1993 

- presence of foxtail 
- some white specks on suface 
- crop growth slightly &ected 
- plants restricted to salt tolerant species 
- white salt crusts common 
- most crops strongly affected 
- plant growth restricted 
- salt crust and salts throughout soil 

profiie 
- little or no crop growth 



1 I PARAMETER I GOOD I FAIR I POOR I UNSUIT'ABLE I 
1 

** Soils with S A R  of 12 to 20 may be rated as poor ifthe texture 
is sandy Ioan or coarset, with saturation percent less than 100. 

Subsoil 

Table 5.1 : Soil Suitability For Redamation In Alberta 
Finlayson, 1 993 

Topsoil EC < 2 to 4 4to8 - >8 I 

_. 

Initially, biochemical disturbance of vegetation on the cellular level is expressed as a 

physiological imbalance, which either can be subtle in the beginning or easily noticeable 

with increased contamination. These initial effects are reversible if caught in the early 

stages, however this can be dBicult due to the lack of early visual symptoms. Usually, 

however, this biochemical disturbance is sufficient to damage tissue irreversibly; and 

eventually weaken or cause the death of the plant (Edwards, ND.). 

SAR 4 4to8 8 to 12 A >12 L 

S A R  
EC 

The influx of sodium into the soil solution will adversely S e c t  the uptake of potassium 

by the plant roots (Salisbury and Ross, 1985). The introduction of calcium into saline 

soils might increase the plant productivity because calcium assists in the uptake of 

potassium. For example, with calcium sulphate, the calcium assists in the uptake of the 

potassium by plants, whereas the sulphates provide the increased acidity which helps in 

RATING 

c4 
4 

RATING RATING 

4to8 
3 to 5 

8 to 12 
S t 0  10 

>12** 
>10 
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leaching the sodium into lower horizons in the soil profile (Salisbury and Ross, 1985). 

The detrimental effects of sodium on the metabolism of agricultural plants can begin at 

800 parts per million of soluble salts (Salisbury and Ross, 1985). 

On the plant's cellular level, movement or ditfusion across the membrane is controlled by 

the permeability of the cell membranes. Plant membranes in the root system utilize 

calcium as a component. When there are lower concentrations of calcium in comparison 

to other salts, such as sodium, the membrane structure can deteriorate and result in 

leakage. This leakage allows depletion of oqgen and other needed elements (Salisbury 

and Ross, 1985). Thus, increased sodium levels will cause wilting, drought and 

membraw dimption/mpture (Salisbury and Ross, 1985). 

The diffusion across the membranes can be either active or passive. If the chemical 

potential is greater outside the cell, the movement of ions will be passively inward. For 

this action to occur, the plant does not expend energy. With active diffusion, energy is 

provided internally by the plant cell in order to accumulate external substances, even 

though the chemical potential may be greater inside the plant. When the concentration of 

ions is higher in the mot than the surrounding area, water will enter the root's permeable 

membrane to equalize the ionic strength ( D L  Land Use C~asulting~ pen. comm., 1996). 

With a salt spill, the ionic gradient is reversed and water leaves the mot to enter the soil 
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(KBL Land Use Consulting, pers. c o r n ,  19%). When a membrane containing salt 

solution is surrounded by water, the water will move through the membrane into the salt 

solution. The chemical potential of the water in the salt solution has been reduced by the 

ions supplied by the dissolved salt The degree to which the chemical potential of the 

water in a salt solution is reduced, will be equivalent to the osmotic pressure or potential 

of the solution. Osmotic potential, or pressure, is due to the presence of soluble particles, 

and will increase as the salt concentration increases. If the cell is surrounded by a sa l t  

solution of higher concentration than that inside, the higher osmotic pressure of the 

outside solution will cause water to move outwards £tom the cell causing water stress, 

and because the plant ultimately cannot get water, a drought condition arises (Edwards, 

N.D.), 

Movement of cations and anions across the cell membrane occur at different rates 

because of their positive and negative charges, creating an electrical potential across the 

membrane. If the net electrical potential is negative, then cations tend to be transported 

passively whereas positive anions tend to be moved actively (Edwards, ND.). 

As the salinity level increases throughout the soil, the osmotic pressure of the soil 

solution also increases, The water will tend to move towards the soil because of the low 

chemical potential of the solution. The osmotic pressure is a measure of how strongly the 
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soil wi l l  hold onto its water, and if this bond is sufliciently strong, plants wiIl have 

difliculty drawing in the surrounding water and nutrients. Thus, salt has the effect of 

reducing the plants' absorption of water an4 although the effect varies with species, as 

salinity increases, growth wi l l  be reduced. In extreme cases, high osmotic pressure of the 

soil solution causes movement of water away h m  the plant roots in the lcaline 

environment, causing a hydrophobic reaction (Edwards, N.D.). 

Osmotic Potential is directly related to EC, but the latter is more easily determined. For 

equivalent concentration, chloride salts will give higher conductivity and osmotic 

pressure values than those of sulpbate or bicarbonate (Ed~ards, NOD.). Near the surface, 

typical soils have EC's below 1 mS/cm. When ECys get higher than three or four, a plant 

will d e r ,  and above 15 to 20 there are few plant species that can survive (Table 5.2) 

(Petroleum Industry Training SeNiceY 1995a). 

The higher the EC value, the more reduced plant growth and 
death. 

EC READING (mS/cm) 
0-2 
2-4 
4-8 
8-16 
>16 

Table 5.2: EC Ratings Which M k t  Agricultural Crop Growth 
Source: Edwards, N.D. 

CATEGORY 
Salinity effects are mostly nepligi.'ble 
Yield of very sensitive crops may be restricted 
Yield of many crops restricted 
Only salt tolerant crops yield satisfactorily 
Only few salt tolerant crops yield satisfactorily 



VISUAL SYMPTOMS OF SODIUM SALT EXPOSURE 

The main detriment of an environment high in sodium salts is water stress within the 

plant. As the uptake of water is reduced, due to the high osmotic pressure of the soil 

solution, plant growth rates will decline and transpiration will increase, fiuther 

compounding the effect of the stress. There are many easily noticeable symptoms of salt 

damage (Table 5.3). Initially, the first symptoms to develop are magenta colored needles 

in conifers, tip bum, marginal scorch, die-back, cupping of leaves in deciduous species, 

leaf fall and necrosis (dead tissues). Plants can become stunted and may appear deep 

green or deep bluegreen. The bluish appearance is due to a heavy waxy coating or cuticle 

that is formed, and the green color occurs when there is an increase in chlorophyil 

production only at specific sites or locations on the plant. Stunting of plant growth will be 

the most pronounced at the terminus of the vascular tissue as the protoplasm dries out 

with the initial onset of water stress. Wilting is often not noticed because of the reduced 

rate of water absorption, or can be attributed to many other causes (Edwards, ND.). Salt 

accumulation also will increase the transpiration by impairing or destroying the stornatal 

regulation. 
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Long 

SALT INTRODUCTION TO SOIL 

Initial salt introduction 

term to salt 

- Magenta colored conifer needles 
- Tip b u m  on leaves 
- Marginal scorching around leaf edges 
- Initial die-back of growth 
- Cupping of deciduous leaves 
- Leaves falling off or dying on branch 
- Stunting of plant (new growth or new 

plants are often much smaller than others 
on site) 

- No new growth 
- Deep green or bluish-green color due to 
heavy waxy coating or cuticle formation 

- Brighter green color in areas (due to 
increased chlorophyll production at 
specific locations or sites on the plant) 

- Plant death 

Many of the early symptoms of plant stress may easily go 
unnoticed or be amibuted to other causes such as drought, 
rather than salt injection in the area 

Table 5.3: Viiual Symptoms Of A Salt Effoeted Plant 
Source: Edwards, N.D. 

METABOLIC EFFECTS OF SODIUM SALT EXPOSURE 

The effects of salinity on the plant's metabolism occur long before visible symptoms 

appear (Figure 5.0). Examples of metabolic alterations, due to salt s e a s ,  are changes or 

reductions in respiration, photosynthetic activity, protein synthesis, nucleotide synthesis, 

and e w e  activity. The final results of sudden increases in salinity are: folk 
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discoloration and/or injury, cambial injury, root injury, and death of the plant (Edwards 

and Blauel, 1975). 

The introduction of salts will induce changes on the subcellular 
level of plants. This in turn causes changes to the cell metabolism 
and cell structures. These changes result in externally visible 
symptoms ranging h r n  discoloration to plant death 

L 

V'uible tqqtoms: 

Figure 5.0: G e n e d  EffQCfS Of Salinity On Plants 
Source: Edwards and Blauel, 1975 

C w e s  changes 
to 

Poljakoff-Uayber (19751, performed an experiment on a halophyte or a "salt-loving 

plant" called Tammk. This experiment involved exposing the subject halophyte to 

1. ~olidikhzation 
&itljauy 

2- cambial- 
3- Root - 
4-Plant&at)l 

increased concentrations of sodium chloride. With increased concentrations of sodium 

L 

CelLmtabuhm & 
cGtl StmdUre 

Re-in 

chloride in the soil, oxygen consumption of the root systems decreased. In another 

exchange complex experiment, it was discovered that salinity effefts are decreased with 

age; the younger the leaf the more susceptible it is to Wty effects. The youngest leaves, 

created since the introduction of the d i n e  environment were the smallest in size. 
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Germioaats and young seedlings are by far the most suscepti'ble to high salinity. 

Frequently, the application of fertilizers to an already saline area will increase the osmotic 

pressure of the soil solution which wil l  fkther exaceibete the high water stress. 

Subsequentty, nutrient availability to the plant will be severely hindered (Edwards, N-D.). 

Seeds, according to Salisbury and Ross (1985), when placed into anaerobic conditions 

caused by flooding of the soil, will exhibit the process of fermentation. The seeds 

themselves leach out ethanol and lactate, and the flooding of the soil restricts the 

dispersal of the ethanol and lactate away h m  the seeds. Both ethanol and lactate can be 

toxic to seed germination, especially ethanol in concentrations of 0.1 % by volume. 

Initially lcaliaity will depress a plant's yield. The amount of yield depressed will be more 

pronounced with longer exposure time to the salinity. Aside &om the chemical influences 

salt has on plants, sodic soils tend to puddle easily and form compact blocks upon drying. 

This is a further physical barrier to root penetration and seed germination (Magdoff and 

Bresler, 1985). 

CHLORIDE TOXICITY 

Beyond sodium ions, the M e r  potency of chloride ions has implications for treatment 

and handling of saline drilling wastes, especially in arid and semi-arid locations. Toxicity 

is salt injury that cannot be accounted for on the basis of osmotic potential. It is the 
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inhibition in growth or fimction due to excess accumulation of a specific ion. Within the 

petroleum industry and the management of saline drilling wastes in Alberta, chloride is a 

major concern. Chloride is both highly mobile and easily translocated to the extremities 

of the plant, causing tip bum, amgid scorch and die back in young plants. This problem 

is heightened due to the f e  that the mechanism of chloride toxicity remains elusive 

(Edwards, ND.). Sodium chloride is five to ten times more toxic than calcium chloride 

due to both the effects of the sodium aad the chloride. Chloride ions decrease the 

translocation of the carbohydrates which ultimately reduces plant growth (Edwards, 

N.D.). Even widely diverse species have similar critical chloride levels. This suggests a 

common mechanism or condition through which plant tissue is damaged by chlorides 

(Edwards, ND.). 

I f  plant productivity is initially low due to a lack of soil moisture, any increase in salinity 

will result in a significant increase in osmotic pressure of the soil solution and the net 

effect will be even greater moisture stress and mortality on the plant Plants that may be 

only slightly affected by salinity in cool weather, will most likely exhibit symptoms 

during hot weather (Edwards, ND.). Vegetation responses to high salinity are also 

affected by climate, moisture and temperature, soil, fertility and background salinity 

levels, and the nutritional status of the plant. 
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A high sodium concentration has little effect on nutrient balance within the plant, 

however, on the soil exchange complex it wil l  easily replace calcium and magnesium and 

cause deterioration of the soil structure. Cations, such as calcium, potassium and 

magllesium do result in alterations of nutrient uptake by plants. High potassium levels 

will reduce the uptake of calcium and magnesium, whereas high magnesium will suppress 

the uptake of both calcium and potassium. Sodium has to have little or no effkct on the 

uptake of potassium, however, potassium bas a role in reducing the uptake of iron, 

especially in plants that normally tend to accumulate less potassium. Sulphates will 

suppress the absorption of calcium, yet, promote the uptake of sodium (Edwards, ND.). 

Sulphates kquently occur in conjunction with sodium in a brine spill, and as a result the 

sodium uptake will be fiutber increased while the initial calcium dislocation of the 

sodium ion can be hindered. 

EFFECTS OF SALINITY ON FOREST SPECIES 

There is evidence that forest species are not as tolerant of lcalinity as most agricultural 

crops. Of all  the tree species, however, deciduous types are reported to be more tolerant 

of soil salinity and chlorides than conifers (Edwards, ND.). Maple and elm toxicity 

symptoms appear at 3,000 parts per million. Birch will begin to show symptoms at 9,000 

parts per million, and mortality occurs at 30,000 parts per million. Annual self cleansing 
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though the process of natural seasod leaf fd may play a role in long term tolerauces of 

deciduous species to salinity (Edwards, ND.). 

Salinity levels of less than 2 mS/cm will suppress the growth of conifer seedlings 

(Edwards, N.D.). With many conifers that develop chlorosis (lack of chlorophyll in 

leaves), they initially begin with pink discoloration of the needles which ultimately 

develops into a reddish brown (magenta) tint, beginning at the tip and progressing 

towards the base. The current year's needle growth will also be affected. For lodgepole 

pine and black spruce, normal chloride levels are 200 to 500 parts per million. Chloride 

toxicity symptoms begin to appear at chloride levels of 800 to 1,500 parts per million. 

Death in black spruce will occur at chloride levels of 4,000 to 7,000 parts per million, 

whereas in Colorado blue spruce death will occur at levels between 2,000 to 3,000 parts 

per million. (Edwards, N.D.). 

AVAOIDANCE MECHANISMS 

Plants may resist salinity damage by means of either tolerance or avoidance. It is known 

that a plant's resistivity against salinity, to primary induced stress, (ion toxicity), and 

secondary stresses, (osmotic and nutritional), revolves around these tolerance or 

avoidance mechanisms (Edwards and Blauel, 1975). Three avoidance mechanisms used 
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by plants are: passive salt exclusion, active salt extrusion, end dilution of salt entering the 

piant (Edwards and Blauel, 1975). 

Often laboratory results are only given in parts per million (ppm) 
values which can be difficult to relate to or hard to interpret This 
chart gives an idea of which parts per million ranges are 
considered for low, medium and high salt concentrations. 

sALIlvrryRATING - - - - -  

L 

Low Salinity Rating 
Moderate Salinity Rating 
High Salinity Rating 

Table 5.4: Salinity Ratings And Corresponding Parts Per Million (ppm) Values 
Source: Edwards, N.D. 

- 

PARTS PER MILLION (PPM) VALUE 
less than 1,500 ppm 
1,500 -3,OOOppm 
greater than 3,000 ppm 

TOLERANCE 

AU plants exhibit some tolerance to salinity (Table 5.5). Tolerance is described as the 

ability of the plant to withstand large accumulations of sodium and chloride ions 

(Edwards and Blauel, 1975). In Southern Alberta, particularly the Taber, Medicine Hat 

and Lethbridge regions, agriculture and livestock grazing are the predominant land uses. 

Common agricultural and livestock crops within these regions are: wheat, sugar beet, 

corn, barley and alfalfii, whereas the pastwe! lands contain native grasses and forbs. Each 

type of vegetation in this region, agricultural and native, has moderate tolerances to salt 
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(Edwards and BIauel, 1975). How- these tolerances are based upon specific salinity 

levels from which the plant has germhed, grown and developed. A sudden change in 

salinity levels, sometimes referred to as "salt shock*, can occur when a plant is exposed to 

a sudden elevated change in salinity, such as a salt spill. Salt shock can be noticed on 

every plant species, including halophytes, and will override the tolerance levels and cause 

severe damage. A prime example of a salt shock occurrence would be the sudden spillage 

of brine water on a site previously not hindered by salt levels (Edwards and Blauel, 

1975). 

Rangelands of Alberta are arid or semi-arid shrub and grasslands, used for grazing or 

browsing by cattle, sheep, horses and wild ungulates, such as deer. High 

evapotranspiration rates, commonly associated with grasslands, allow concentrations of 

unleached salts to be left in soils (KeUey, ND.). This problem can be fbrther exacerbated 

if oilfield or pipeline spills occur on rangeland areas that already have difficulty dealing 

with salt levels. 

EFFECTS ON GROWTH PATTERNS 

Often if salt spills occur on agricultural land, a noticeable trend will emerge in the new 

plant growth (Figure 5.1). The growth of the plant's roots becomes blocked at the B 



91 
Horizon by a hardpan layer. The salt causes the sodium to disperse the clays, and they 

align so that the penetration of water, air, nutrients and plant roots is restricted. However, 

the area above this Mpan layer may already have been treated by having the salts 

leached out of it and once again be productive for plant growth. As a result the areas that 

allow root penetration will have normal, tall plant growth, whereas the areas that are 

restricted by the hardpan will have stunted, dwarfed growth. This will produce a 

noticeable wave-like pattern in the crop growth (Knapik and Walker, 1995). 

An easily noticed characteristic of salt contamination is the wave 
like pattern that the crops will follow. Areas that have salt 
contamination will show decreased or no plant growth due to the 
impe~ous  hardpan that salt contamination develops. The roots 
cannot penetrate this area to grow properly. 

Figure 5.1 : Wave-Like Crop Growth Pattern Associated With Salt Afllected Soh 
Source: Knapik and Walker, 1995. 
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-FIELD 
CROPS 

Kochia 
Sugar Beets 
6-row batley 
Saflflower 
Sunflower 
20 row barley 
Fall rye 
W i i r  wheat 
Spring wheat 
Oats 
Yellow mustard 
Flax 
Canola 
Corn 

Peas 
Field beans 

FORAGES 

Atali wilQue 
Tall wheat grass 
Russian wildrye 
Slender wheat grass 
Birdsfoot trefoil 
Sweetc lover 
Aim 

Crested wheat grass 
Intermediate whgrass 
Meadow fescue 
R=dcaoarygrass 

Timothy 
White Dutch clover 
Red top 
Alsike clover 
Red ctover 

VEGETABLES 
& FRms 

G d e a  beets 
Asparasus 
S p k h  

Tomatoes 
Broccoli 
cabbage 
Sweet corn 
Potatoes 

carrots 
Onioos 
Strawberry 
Beans 
Peas 

Salt Tderances Of Various Plut  Types 
Source: Adapted h m  Alberta Environment, 1989 

TREES, 
SHRUBS & 
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Slhrhn salt tree 
Sea buckthorn 
Silver buffslobeny 
Hawthorn 
American elm 
Slkrian elm 
ViIosa lilac 
LaurelIeafwillow 

Spreading juniper 
Poplar 

Ponderosa pine 
Apple 
Mountain ash 
Common lilac 
Siberian crab apple 
Manitoba maple 
Viburnum 
Colorado blue 
Spruce 
Rose 
Douglas fir 
Baisamfir 
Cottonwood 
Aspen 
Birch 
Raspberry 
Black walnut 
~ g w o o d  
Little-leaved linden 
Winged enonymus 
Spires 
Larch 
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While this thesis does not strictly pertain to the effats of salt on both wildlife and human 

populations, it would be noteworthy for those dealing with cattle in the immediate areas 

of salt spills to briefly mention the e f f i  of salt ingestion. 

SALT EFFECTS ON A M M A L S  AND PEOPLE 

Animals can tolerate significant amounts of salt in their diets as long as non saline 

drinking water is readily available. When excessive amounts of saline water are ingested, 

the animal will gain body fluid volume, and if the sodium is taken in faster than the 

kidneys can remove it, death can easily occur (Petroleum Industry Training Service, 

1994). 

Contaminated water bodies are hazardous to cattle if the total dissolved salts 0 s )  are 

greater than about 4,000 mg/L (10,000 mg/L is considered toxic). TDS greater than 500 

m a  exceeds the human drinking water standard according to the Canadian Water 

Quality Guideliw (Norwest Labs pen. coaun, 1995). Therefore, if amounts in excess of 

these limits find their way into drinking water reserves, serious problems will arise for 

both cattle and human consumption. 



CEiAPTER SIX 

CHEMICAL AMENDMENTS 

KEY TOPICS DISCUSSED 

Calcium supplement introduction 

Calcium dphate (gypsum) 

Calcium chloride 

Calcium nitrate 

- Saliw soil saver (SSS-50) 

- LCA-II 

- Magnacal pducts  

- Restore 

Calcium mobilizing agents 

Sulphur application 

Calcium carbonate (lime) 

Soil conditioners 



Calcium amendments are the principle methods of treatment of salt water spills within the 

petroleum industry. Most salts, includiag sodium chloride, have very high electrolyte 

concentrations. The best opportunity to replace the sodium saturation in the solution with 

calcium is during the stage of high electrolyte concentration, while the soil is still 

flocculated. In this state, the wafer will k i y  move tbrough the soil. This condition can 

be created by either adding calcium chloride, calcium nitrate, calcium sulphate (gypsum) 

or calcium carbonate (lime). Calcium chloride is fiu more soluble than gypsum, yet the 

chloride ion is also toxic to plants. Lime will be effective if the soil exhibits an acid 

reaction. Of all the amendment options, the oil and gas industry predominantly uses 

gypsum applications for reclamation (Webster, 1975). 

The treatment of a salt water spill becomes increasingly more difficult with increased age 

of the spill. The relative concentration of the salts becomes higher if the ground dries out. 

Rainfall and leaching may carry the salt M e t  downward into the soil profile where clay 

particles may be more concentrated, therefore, sodium will become more concentrated 

relative to other salts as they leach away after rainfall. Prompt action to restore the 

equilibrium between calcium and sodium is necessary to prevent sodium saturated clay 

particles fiom dispersing and destroying the soil structure. Leaching of all excess salts 
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h m  the soil profile either by aatural rainfall or by active flushing, should be of 

paramount concern. 

As a0 example, on sandy, forested soils, or soils very high in organic matter content, the 

risk of soil particle dispersion is lower. An amendment of gypsum or flushing with fresh 

water may be adequate as a treatment However, a fast acting amendment of calcium 

nitrate at 1000 k g h a  can be applied using a water truck, hydroseeder or irrigation system. 

A slower grauular calcium nitrate fertilizer can be applied with a fertilizer spreader. 

Whichever amendment is chosen, one must ensure that there is an even distribution of the 

amendment, and that vehicle tmi3i.c on the wet soil is minimized. Through extensive field 

testing and practice, the maximum total calcium nitrate (CaN03) application is 1700 

kg/ha. Application of the second calcium amendment should use rates of 5 to 10 

t o m e s h  in the more sensitive grassland areas the maximum calcium nitrate application 

should not exceed 500 k g b  (GSC Environmental Services Inc., pen. comm., 1997). If 

utilizing gypsum as an amendment, it must be incorporated thoroughly by rototilling or 

repeated tillage. One can spread gypsum as a fine powder with a Lime spreader or as an 

aqueous slurry. Many times more gypsum is needed if applied in the pellet form rather 

than powder form because it is less effective due to decreased surface area. The 

maximum application of gypsum in a single treatment should not exceed 20 tonneski, 

due to high concentrations of sulphates, which could result in a secondary sulphate issue 

on the site. Additionally, the use of large volumes of powdered gypsum may result in a 
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residual amendment left on or near the surfke, or on windy days much of the amendment 

could be lost into the air. Thus, the total amount of the product is not utilized efficiently. 

In some instances, there are restrictions on the amount of certain ions that can be added to 

the soil. For example, in a native short grass prairie setting with grazing livestock or 

nearby water bodies, levels of potentially toxic ions should be monitored, therefore, one 

might wish to calculate the volume of specific ions that will be spread in a single 

application of a calcium amendment (GSC Environmental Services Inc., pers. comm., 

1997). Sulphates and nitrates are two key ions that should be monitored. The following 

equation can be used to calculate ion spread rates (alciom nitrate is used as an 

example), and to assist in determining spread rates for amendments in which ion 

Limitations are encountered: 

First, calculate the total ionic weight of the amendment, 

eg. ca(N03)~ Ca x Atomic Weight (40.1) = 40.1 

N x 2 I Atomic Weight (14) = 28 

O3 x 2 r Atomic Weight (16) = - 96 

Total ion count - - 1 64.1 

Ca = calcium 
N = nitrogen 
0 = oxygen 



then calculate the ratio of the desired ion (aleiam is used in this example). 

Ratio: Ion for which Limitation and loading rate are nguired I c ~ ( N o ~ ) ~  

eg. Ca/ c a ( ~ 0 3 ) ~  = 40.1/164.1 = 024 Ca/ ca(bJo3)' 

If applying 71.25 lbs C&N&)~ utilizing the above ratio, the total amount of calcium 

added in a single application is: 

71 2 5  ibs c ~ ( N o ~ ) ~  x 0.24 = 17.1 lbs Ca or 7.8 kg Ca 

k CALCIUM SULPHATE (GYPSUM) t'CaSol) 

On forested land, care should be taken not to destroy vegetation needlessly, therefore a 

single application of seven t/ba of gypsum is recommended Further assessment of the 

site for other amendments such as organic matter, mulch, fertilizer, erosion control 

measures or revegetation is required to conduct a thorough treatment, and may alter the 

gypsum requirement. Any additional calcium as gypsum amendments will be indicated by 

a soil analysis for gypsum requirement 
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Soil dispersion occurs when the particles of soil disintegrate. The micro and macro pores 

become clogged with the dispersed clay and organic matter. Once this occurs, water will 

no longer h l y  flow through the soil, and ponding will tend to follow. If water has been 

flushed through the soil, the sodium chloride electrolyte concentration will decrease 

rapidly and increase soil dispersion. Gypsum needs to be added initially, after the spill, 

and before the soil has been flushed, or the soil will be deflocculated and become 

impermeable to water. In the event that this has occurred, redarnation will be made more 

difficult and costly due to the added steps of pumping off the excess water, allowing the 

soil to dry out and then mixing gypsum into the soil. A reliable test to whether soils will 

easily disperse if flushed with water after a spill is the value of the sodium absorption 

ratio (SAR). SAR values of 25 and above will Likely disperse if flushed with water. The 

sodium content in the soil can also be used to identify the level of calcium needed to 

prevent dispersion (Webster, 1975). 

The amount of gypsum to be added is best determined with testing. Soils with higher clay 

contents require the use of more gypsum than soils with sandier textures. Further, soils 

that have high organic matter levels will require less gypsum than those with low organic 

matter. Problems will occur if the sodium ion is more than five percent of the total 

exchangeable ion capacity. Soil quality will diminish rapidly when the soluble salt is 

eluviated from the topsoil by rain or irrigation practices prior to gypsum addition. Total 
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soil depth that needs to be reclaimed also will sect the amount of gypsum required 

The amount of calcium required can be calculated by a soil testing lab after analyzing a 

sample for sodium concentration. A typical application rate for gypsum is five t5a (2.5 

t/ac) with the maximum rate of application of 45 t/ha (20 tlac) at any one time. Follow-up 

applications may be required and should be decided only after a second set of soil 

sampling and d y s i s .  The higher the cation exchange capacity, the higher the gypsum 

requirement, because more calcium is required to release the sodium (Jackson, 1983). 

To calculate how many pounds of calcium sulphate are required on a spill site at 15 cm 

depth, the following formulas can be used (GSC Enviro~lental Services Inc., pers. 

corn.., 1997): 

Acres at 15 cm depth = (Surface Area (m2) x Depth (m)) 1607 

lbs CaSOdacre at 15 cm depth = TOR (t)/Acre s Acreage of Spill x 2000 lbdt 
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The Total Gypsum Requirement nGR) can be calculated by the laboratmy during 

atliilysis of the soil samples or calculated using the following formula (?kusenbder, 

l98S).: 

TGR = (ma+ in filtrate meq/L)2/10) x {(lI(Target sAR12) - (l/(Sample SAR)~) 

note: the Target SAR should be seven since below this level, soil structure is not affected 

A gypsum particle size of 2 millimeters has been used for reclamation, yet, coarser sized 

particles can be used effectively with the added benefit of reducing costs. Gypsum 

particle size finer than 2 millimeters, does not serve a useM purpose for reclamation, 

while funher adding to the costs. Gypsum dissolution is dependent on the particle surface 

area, soil water velocity during leaching and soil solution composition (Keren and 

O'Conwr, 1985). During irrigation or rainfall, contact with the gypsum particles can be 

short; the particle size of the gypsum should be larger to maximize the effixts of the 

gypsum. The smaller the particle size, the greater d a c e  area to contact with the water, 

and the more gypsum that will be dissolved into solution. Increasing the soil water 

velocity increases the dissolution rate by decreasing the film thickness, but will also 

decrease the amount of time that the water and gypsum are in contact (Keren and 

O'Connor, 1985). Efficient particle size will assist in the quick, sustained dissolution of 
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the gypsum while avoiding unnecessary coating on the d a c e  of the gypsum particle 

( S W  and Gupta, 1986). Gypsum is beneficial to soil structure because when particles 

become coated, plasticity is Rduced aud the friability is increased (Warren, 1987). 

Pellets of gypsum may be easier to apply then powdered forms especially under windy 

conditions, however, pelletized gypsum is fm less e f f d v e  because the surfiice area of a 

pelletized gypsum particle is considerab1y less. The most effective size of particle will 

pass through a size 60 mesh screen. Machinery designed for spreading powdered 

agricultud Lime can be used very efffetively in applying gypsum. Numerous passes with 

a rototiller can partially, but not completely compensate for the use of gypsum in pellet 

form over the powder form (Petroleum Industry Training Service, 1994). Physical 

methods can assist in gypsum incorporation, however, it should be noted that discing can 

break up the soil without damaging the structure, whereas rototilling must be carefidly 

visually monitored by either the oil company representatives or on-site consultants, 

because it tends to easily pulverize the soil structure if over utilized. Rototilling should 

only be performed until the amendment is thoroughly incorporated. 

Gypsum is soluble in water to a percentage of 0.25, and is a inexpensive source of 

soluble calcium. According to KBL Land Use Consulting @ers. comm., 1996), only 90 to 

120 cm of water are required to dissolve 10 to 12 tomes (tma) of high grade gypsum in 
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nonnal soil. Gypsum, as a ~ s u l t  of very low conductivity, has v q  limited solubility in 

water (EC = 2.2 mmhos/cm containing 3 13 milli equivalents ("meq") Canitre). This is an 

acceptable rate for agricultural Iand with EC's of four to eight but is not effective with 

EC's of 50 - 100 (KBL Land Use Consulting, pers. comm., 19%). As a rule, the amount 

of available calcium in gypsum is 10.6 x lo6 meqhon. A totally saturated sosolution of 

gypsum and water contains three tons per acre foot of water. In a n o d  leaching 

operation the solution is usually only 30 % satm&, only dissolving one ton gypsum per 

acre foot of water. This would have an EC value of less than one. A saturated solution has 

an EC value of 2.2 (KBL Land Use Consulting, pen. comm, 1996). The use of gypsum 

as the only calcium amendment has limitations due to low solubility, and reduced 

effectiveness in high calinity situations. This form of calcium is popular because it is 

relatively inexpensive and easily obtainable in bulk volumes. 

In the case of soils with a higher pH, if there is a natural amount of calcium carbonate 

already present to assist in dissolution, the solubiiity of the gypsum can be up to ten times 

more (Sbarma aad Gupta, 1986). Solubility of gypsum will also increase if applied in 

conjunction with manure. The manwe can also increase the yields of the initial plants 

seeded due to the higher nutritive content Water percolation is very important because 

gypsum has a low solubility that is pH dependent. As the pH increases the solubility of 

the gypsum will decrease, especially above pH 9.0 (Warren, 1987). 
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With larger areas and deeper con tarnination the water rquitement of 7758 bbls for every 

3.5 tons of gypsum does not make this an economical alternative, either Gnencially or on 

a time basis (KBL Land Use Consulting, pers. comm., 1996). Gypsum may be added with 

a product such as Saline Soil Saver (discussed later) which will get the initial calcium 

boost into the soil immediately to maintain soil structure. The gypsum would then be 

more effective by contributing calcium at low conductivity levels as it dissolves with the 

additional water. This would minimize the cost involved to add large amounts of gypsum 

and water (KBL Land Use Consulting, pers. comm., 1996). 

The quantity of gypsum required to reestablish productivity, will also depend on the use 

of the land after reclamation. A l l l y  sodium saturated soil (95 to 100 Exchaogeable 

Sodium percentage (ESP)) may be reduced by as much as half if a highly salt tolerant 

crop will be grown. It is  recommended that sodium saturated soils be reduced to 30 ESP 

if semi-tolerant crops, such as wheat, are likely to be used, and reduced to ten ESP if 

sensitive crops are to be used. For the same crop, coarser texhlred soils can support 

optimum growth at higher ESP than finer textured soils. Thus, for each of these levels 

and crop types, different amounts of gypsum will be required to lower the ESP's. The 

quantity of gypsum added will be influenced Wher by the depth o f  soil to which it must 

be applied. 
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Gypsum is usually applied to remove sodium fbm the top 10 to 20 cm of the soil prome. 

This improves the &ke soil quickly, allowing for growth of vegetation (Sbanna and 

Gupta, 1986). Lower amounts of gypsum would be needed for sdiace treatment, as 

opposed to deep profile mitigation. The amount of gypsum required to replace one 

millequivalent of exchangeable sodium per 100 grams of soil is given as 1.7 to~es/ha 

foot of soil (Warren, 1987). 

After the initial application of gypsum, the reciamation process may continue on its own 

through naturally occurring processes. Most soils of glacial origin contain reserves of 

calcium carbonate in the C Horizons. This reserve can assist in the continued exchange of 

sodium with calcium ions. Irrigation water, if used, usually contains calcium proportions 

8 to 10 times higher than sodium, which will continue the constant replacement of 

sodium with n a d y  occurring calcium after the initial gypsum application boost. 

The use of nitrogenous fertilkrs lowers pH, therefore more calcium can be released fiom 

the Limestone in the soil. Plants that subsequently develop on the site will further assist 

the process. As their roots evolve, carbon dioxide production from the root systems, will 

aid in the conversion of calcium carbonate into c~(Hco~)~. Caicium in this latter form 

has an increased solubility, thus providing a greater amount of tke  calcium for exchange 

with sodium on the soil particle exchange sites. (Sharma and Gupta, 1986). 
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Reduction of the sodium ion is primarily restricted to the depth of gypsum application, 

yet the electrical conductivity for tbe whole soil profile can be decreased (Oster and 

F d e l ,  1985). Gypsum has a higher solubility than lime, due to the higher calcium ion 

concentration. Lower representations of calcium ions represses the amount of Lime 

dissolved, hence, Lowering its contribution to effective and efficient reclamation (Oster 

and Frenkel, 1985). 

Gypsum added to sodic soil can increase permeability due to both electrolyte 

concentration and cation exchange effects (Shainberg et al., 1985). In soils where the 

electrolyte concentrations are high enough to prevent the swelling of clays, surface 

application of gypsum is helpful. Required gypsum concentrations should be determined 

by the amount of water added, and the dissolution rate of the gypsum ions in the profile. 

In soils where the electrolyte concentration is slight to insignificant, the main effects of 

the gypsum result from the cation exchange. Here, the amount of gypsum required is 

determined by the exchangeable sodium ion amounts at selected depths (Shahberg et al., 

1985). 



Phosphogypsum is the by-product that results b m  the manufkcture of phosphate 

fertilizer. Using a "wet processn, phosphate is released h m  the ore and creates 

phosphoric acid, and the sulphate in sulphuric acid combines with the calcium to produce 

phosphogypsum (Dudas, 1995). For each ton of phosphoric acid, h m  3.5 to 5.5 tons of 

phosphogypsum can be produced, therefore it can be both an economicat and efficient 

soil amendment. Phosphogypsum is more soluble than gypsum, yet there may be concern 

for the heavy metals and radioactive constituents that it contains. The phosphate rock that 

it is produced £tom contains approximately 100 to 200 parts per million of radioactive 

uranium (U238). This tends to move &om the rock into the phosphoric acid, but the 

subsequent daughter product radium (Ra226) wiU move into the phosphogypsum. The 

half life of the radium is 1600 years, this decays initially to radon gas and then to stable 

lead (Pb 210) (Kanunanos et al., 1991). A concern would be the effects of large 

concentrations of  doactive amendment on the soil and the plant tissues. Further, there 

could be detrimental effects of both radon and lead 210 on humans. To date there have 

been few studies that draw any conclusions about the possible negative effects of the 

radioactivity* More research needs to be promoted in these areas. 



Calcium chloride also can be used effectively in reclamation, but with some 

disadvantages. The amount of available calcium in calcium chloride is approximately 1.5 

s 106 meqhbl (KBL Land Use Consulting, pas. comm, 19%). When calcium chloride 

is added to the SUCface of a site, it moves down the profile in a concentrated wave creating 

a strong ESP gradient When it is mixed in with the soil and then leached, more d o r m  

ESP profiles are created. The surface placement is more efficient in replacing sodium, 

yet, has a higher ESP value. Calcium chloride in solution will be of the greatest benefit to 

ion exchange, but requires large applications of water (Magdoff and Bresler, 1985). 

Strictly in economic terms of reclamation costs, when water is prevalent, and salt  scarce, 

solutions of calcium chloride are advised. However, when water is scarce, and salt 

availability is high, then placing the calcium chloride on the surface of the site wiU be 

preferable, as this lowers associated costs because the d a c e  application will eventually 

work into the soil with rainfall and snow or limited flushing (Magdoff and Bresler, 1985). 

Calcium chloride is easy to apply and inexpensive, but requires sufficient moisture or 

flushing to promote leaching (Warren, 1987). The greatest down side to calcium chloride 

is the potential toxicity of the chlorides to any remaining plant Life on the site. 



C. CALCIUM NITRATE (CdUOa 
0 

Severely contaminated areas wil l  improve dramatically with smaller amounts of calcium 

nitrate rather than gypsum because it is fm more water soluble than gypsum (Clark and 

Thimm, 1975). The calcium nitrate will supply free calcium d y ,  and a more rapid 

displacewnt ofthe adsorbed sodium can occur (Clark and Thimm, 1975). The amount of 

calcium in calcium nitrate is approximatety 13 s lo6 meq/bbls to 1.7 r lo6 mq/dnrm 

(KBL Land Use Consulting, pers. comm., 19%). Thus, in addition with each 100 lbs of 

calcium nitrate utilized there is approximately 15.5 lbs of nitrogen, 

An added benefit to the use of calcium nitrate is that it provides 15.5 % nitrogen to the 

soil, which provides a source of fertilizer for vegetation growth and development 

However, particular care should be taken when using this form of a calcium amendment 

because of potential nitrate toxicity for grazing animals, and nearby water bodies. The 

total amount of calcium nitrate can be calculated by multipIying the total amount calcium 

sulphate by 1.21 (GSC Environmental Services Inc, pen. comm., 1997). It has been 

recommended that application rates not exceed 1500 lbdac in an agricultural setting, and 

no more than 500 lbdac in a dryland environment (GSC Environmental Services Inc., 

pen. comm., 1997). 
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To calculate the maximum amount of Ca(N03)' per acre at 15 an depth in a single 

application is as follows: 

max. rate/acre x acreage ofspill at 15 cm depth = lbs ca(N03)~ 

eg. SOOlWacre s 0.1425 acres at 15 cm depth = 71 2 5  1Wacre c ~ ( N @ ) ~  

There are several liquid nitrate products currently being used in the oil and gas industry 

with success. Liquid products are a readily available source of calcium that enters the soil 

matrix quickly and easily, to immediately activate the calcium and sodium ion exchange 

process. With Liquid based p d u c t s  the sodium is removed and replaced with calcium. 

The sodium then leaches to deeper levels in the soil prohle; some sodium may remain but 

these levels are not usually toxic to plants or soil bacteria Liquid forms are more efficient 

uses of calcium than powdered forms such as gypsum. The Liquid is able to migrate 

through the soil profile at a faster rate than with powdered supplements that require 

copious flushing with water. The Liquid-form amendment effkcts are often noticed in 

months, rather than years as for powdered forms. This greatly reduces the o v e d  cost of 

site reclamation. Liquid-form amendments include: Saline Soil Saver (SSS-SO), LCA-II, 

Magnacal-C and K and Restore. 

Currentty the increased efficiency of reclamation using lower amounts of higher costing 

calcium nitrate is balanced by the lower costs of higher amounts of gypsum. Although 
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using less calcium nitrate to mitigate a spill faraer and more effectively than gypsum bas 

distinct advantages for recfamation, most companies do not like to absorb the higher 

costs. Currently, regulations have impressed the need for e f f i v e  and time efficient 

reclamation options to oil industry companies, and this technique is beginning to receive 

far more attention. 

Saline Soil Saver (SSS-50) is a calcium nitrate mixture with soil conditioners added (Gulf 

Canada Resources Ltd, 1996). It is provided in a liquid form for ease of use and speed in 

reaching the affected areas. The liquid itself per drum contains 8000 meq Ca/Litre. 

Supplied as a concentrate, the liquid would be diluted with 10 to 100 parts of fksh water 

to achieve a treatment solution having an EC of 80 to 8 rnmhodcm. SSS-50 application 

should not exceed six drums per acre (GulfCanada Resources Ltd., 1996). The flexibility 

associated with liquid products allows one to match the salinity of the spill without 

creating a fbrther problem (KBL Land Use Consulting, pers. comm., 1996). This product 

would be applied while the soil is still in a saline state. The SSS-SO replaces the sodium in 

the soil with calcium assisting in reaggregating the soil. Flushing and leaching with fresh 

water then can be accomplished safely in the reaggregated soil without fear of fkther 

dispersion. As a result of the amendment flushing, the sodium ions will become displaced 
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in the root zone arras (KBL Land Use Consulting, pers. comnt, 19%). =so, unlike 

many of the other liquid amendments, is a more economical liquid nitrate solution 

ranging fiom $227 - $252/drum (approrcimately 200 litres) depending on the number of 

d r u m  required (KBL Land Use Coosulthg, pen. corn. ,  19%). FoUowing an 

application of SS-50, 1104 m3 k h  water should be applied to wash the product out of 

the soil (Tugeon, 1987). 

LCA-lI is another Liquid amendment that promotes the exchange of sodium with calcium, 

allowing the soil to become open for drainage and return to its normal balance. LCA-II 

can be combined with a tile drainage system when the salt damage is above a water table, 

which could easily become contamhated with the release of salts h m  the soil solution- 

Damage in these cases is usually extreme and deep; approximately four to six feet in 

depth. Sandy, or well drained soils, often require up to 25 percent less LCA-Ll due to the 

ease of infiltration of the product. Conversely, heavy clay soils with poor drainage 

patterns may require up to 25 percent more LCA-11. As a general rule, any areas requiring 

more than eight drums per acre should be treated in two phases, using approximately 50 

percent of the total LCA-II required volume in each phase due to possible toxicity 

problems associated with nitrogen based amendment applications. Time between 
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applications wiU vary according to the site specifics. For example, i f  the initial 

application was early in the spring, one could have enough time to retest and apply a 

second application the same summer- If the initial application was not until late summer, 

one would have to wait until the following spring to retest the site and decide ifa second 

application is necessaryessary 

I EC OR S A R  I DRUMS OF LCA-I1 

I OVER 100 I 24 I 

(whichever is higher) 
5 

Table 6.0: Remediation Of Older Sodium Damaged Sites 

PER ACRE 
I 

Source: Dove Environmental Services Product Manual, 1995 



MAGNACAL nu PRODUCTS 

Magnrrcal-C is a liquid calcium nitrate product that contains select plant nutrients to 

assist in rooting and regrowth. A single 55 galion drum of this product provides 

approximately 400 lbs of calcium per drum. As the calcium replaces the sodium, the soil 

structure improves, and the existing or added organic matter in the soil begins to utilize 

the nitrogen to supply vital growth nutrients to the remaining plants on the site. 

Mupcal-C or K are especially good for areas such as wet or muskeg landscapes that are 

not readily accessible with machinery, as it can be pumped easily h m  50 - 100 feet away 

with a spray hose. The application distance can be extended using a perforated (trickle) 

hose attached to a water truck Being Liquid based rather than in a dry form, it will be 

absorbed faster into the affected soil areas and does not need the extensive flushing that 

gypsum does. Not only is the Liquid easier to apply, but it leaves no mess in the form of 

residual dust. The results after even o w  application show drastic reductions, ofien the 

SAR and EC values are reduced by as much as haK This allows an application of one to 

three passes, rather than many applications or passes with gypsum. This product is 

expensive by the barrel (S 800.00 +), yet when considering that with the lower cost of 

gypsum one may have to add the M e t  costs of water and vacuum truck delivery to 

successfb.Lly flush the gypsum through the soil, the cost fhctor can often be less in the 

long run. Areas often can be remediated faster, thus, reducing M e r  yearly payments on 
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property that was previously treated with a slower acting solution (Dove Environmental 

Services hc., 1996). 

With Mugnacal-C the calcium is suspended in the liquid with the help of nitrogen. High 

nitrates can prove detrimental to plant Life, cattle drinking water sources, groundwater and 

flowing water sources. Magnacai-K @oms the same way as MagnucaI-C, yet does not 

carry the ensuing nitrate problems. Instead of nitrogen, Magnacal-K is blended with 

magnesium, potassium ions and select plant nutrients, therefore it can be successllly and 

d y  used in areas with high water tables, where ground water can be influenced, or 

ponds, drinking p i s  or waterways will be affected. This product has the similar highly 

effective results in field tests as Magnacal-C (Dove Environmental Services Inc., 1996). 

Table 6.1 : MagnucaI=C And Mugnacal-AK Application Ratea Based On Total 
Dissolved Sdids (TIBS) 

Source: Dove Environmental Services Inc., 1996 

TDS VALUE 
I 

< 25,000 ppm 
< 50,000 ppm 
< 100,000 ppm 

J 

MAGNACAL-C 
4drumsperacre 
ddnunsperacre 
8dnunsperacre 

MAGNACAL-K 
7 dnrms per acre 
9drumsperacre 
lldnrmsperacre 



Table 6.2: Magnacd-C And Magnacd-B Appbtion Rates Based On Soil Type 
Source: Dove Environmental Services hc., 1996 

EC OR SAR DRUMS PER ACREl ml PER m2 
(whichever is higher) 

I 

5 1 50 

WATEEMAGNACALK 
RATIO 

15:l 
10: 1 
5: 1 

L 

DOMLNANT 
SOIL TYPE 

sandy 
loamy 
clay 

WATER=MAGNACAL-C 
RATIO 
25: 1 
20: 1 
10-15:l 

Table 6.3: Application Rates Of Magnacal For 45 to 60 em Of Soil Recovery 
Source: Dove Environmental Services Inc, 1996 

100 - 
over I00 

20 
24 

lo00 
1200 



Restore is a new product that was designed to rejuvenate vegetation damaged by salt 

intrusion in the soil. It combines calcium with bonding and wetting agents required to 

adhere the amendment to the soil molecules. The pH of the product is between six and 

seven and it is marketed as noa-toxic. Contamination at depths of up to 60 cm can be 

remediated within 30 to 45 days, which is beneficial to companies that require quick and 

effective clean-up techniques. Restore is diluted with water when applied b m  a spray 

truck in dilutions of one part ReStore to 25 parts of fksh water. Often only two to three 

applications are needed (Restore Roduct Manual, 1995). 

I EC OR SAR ~ D R -  PER ACRE I BARRELS OF BRINE 1 
(whichever is higher) I meteased in the soil) 1 

Table 6.4: Application Rates Of Restore For 45 to 60 cm Of Soil Recovery 
Source: ReStore Product Manual, 1995 



CALCIUM MOBILIZING AGENTS 

Calcium mobilizing agents assist in releasing the calcium h m  the calcium carbonate 

naturally occurring in the soil. These include sulphuric acid (H2S04), hydrochloric acid 

(HCI), and sulphur or imn alumina sulphates (FeSO& Also4). These can only be used on 

sodic soils because these soils naturally contain calcium carbonate. The acid will react 

with the calcium carbonate to release the calcium for use in the soil. (Warren, 1987). For 

example MagnacaI-SC, a Dove Enhamental Services product is a concentrated blend 

of a biodegradeable wetting agent and a flocculating polymer that reduce the surface 

tension between the soil particles aud allow greater permeability. MagnacailSC is usually 

applied at a rate of 5:l dilution with water. Magnacal-SC can also be applied as a 

preconditioning agent which aids in the concentration of large masses of cations at the 

soil solution interface. This hther expedites the displacement of the sodium ion. (Dove 

Environmental S e ~ c e s ,  1 995). 

I SOlL TYPE I APPLICATION RATES 1 
-- - - - - - - - 

I Clav Soils 1 1OdnunswracreatSto 1 dilutionrate I 

Table 6.5 Magnacal-SC Application Rates 
Source: Dove Environmental Services, 1995 

Loarny Soils 
Sandv Soils 

5 drums per acre at 10 to 1 dilution rate 
1 drums rm acre at 15 to 1 dilution rate 



SULPHUR APPLICATION 

Reclamation additives that are used for calcareous or acidic soils are sulphur and 

sulphuric acid Gypsum is only slightly soluble in water, requiring large quantities of 

water that must be added in conjunction with the gypsum. This could add a considerable 

time element to reclamation, as the hydraulic conductivity of most sodic soils is low. 

The application of sulphur is considered on acidic soils with excess calcium carbonate. 

Where acidic soil exists, calcium carbonate solubility is reduced, and therefore fewer 

calcium ions are in the solution to carry out the exchauge with sodium. Sulphur must hm 

undergo microbial oxidation to sulphuric acid before it is available for reaction with chalk 

in the soil (Magdoff and Bresler, 1985). As the sulphur oxidizes, the soil acidity (pH) will 

be lowed.  Then, with the increased acidity, the calcium carbonate wil l  become more 

effective as greater amounts of calcium ions enter into the solution (Webster, 1975). 

CALCIUM CARBONATE (LIME) 

Lime powder is a soluble material composed of 80 % calcium, with a solubility of 

approximately 87 %. The product is pelletized to facilitate the incorporation into the soil 

by discing, plowing, etc., decreasing the blow away factor of loose powder. After the 
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pellets are dissolved into the soil, a short time must elapse for the pellets to soften with 

the moisntre. It is then advisable to recultivate the area, which mixes the newly liberated 

moist Lime particles to obtain rnaximurn effectvetless (Jackson, 1983). 

Utilization of lime, in areas that are generally more acidic, will supply d c i e n t  calcium 

and magnesium in the soil solution to remove the sodium (Dudas, 1995). The use of lime 

with an acidifying agent will create soil conditions that wil l  allow added water to 

effectively leach the soluble d t s  from the soil (Bole, 1985). Lime powder shows no 

immediate toxicity, however, long term effects st i l l  need to be assessed and provided 

(Jackson, 1983). 

Lime containing products include grolmd limestone (CaC03), slaked lime (Ca(O&), 

lime sludge and calcareous soil. The success of these lime containing products depends 

primarily on the soil acidity or pH. The solubiity of ground limestone will depend on the 

pH and the soil solution concentration. Lime will be most soluble at lower pH levels and 

is therefore most effective in acidic soils having pH values less than 6.5. Once the pH has 

risen to 7.5 or greater the solubility of the lime is reduced to less than two meq/L. An 

inherent drawback to Lime use is that by applying the lime, the soil pH will naturally rise, 

thus, the lime is inhibiting its own effectiveness. Combining lime with manure will again 

increase its effectiveness because the C@ that is released as the organic matter 
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decomposes, will again increase the h e ' s  solubility by lowering the pH of the soil 

SOIL COmmONERS 

The use of a soil conditioner, along with a chemical amendment, will improve percolation 

and water holding capacity of the soil, improving conditions for plant growth and 

vegetation re-establishment. Soil conditioners tend to be more effective in heavier clay 

type soils, while there are Little or no results written on their effectiveness on sandier 

materials. Stabilization effects will last for approximately five years (Warren, 1987). 



NAME 
Calcium Nitrate 
Fertilizer 

commercial 
Liquid Calcium 
Nitrate Products - 
Magnacal, LCA- 
LI, SSS-50, 
ReS tore 

Gypsum 

Phosphogypsum 

Lime 

Calcium Chloride 

--- - - - -  - 

ADVANTAES 
- water soluble granules 
- ease of application 

- supplied in drums as a liquid - liquids faster acting than powders, can 
reduce reclaoution to months not years 
- generally need less amount for higher 
contamination 
- fertilizer properties of the nitrogen 
- readilv available calcium source 
- safer in large quantities 
- relatively inexpensive 
- usually easy to obtain in bulk 
- less gypsum required in soils with high 
organic matter 
- less gypsum required in sandy soil 
- gypsum effective on surface 
contamination 
- pellets are easy to apply 
- can increase permeability due to both 
ekctrolyte and cation exchange 
effects 
-large quantities can be easily produced 
-far more soluble than gypsum 

- effective in acidic soils 

- more soluble than gypsum - does not contain soluble nitrate 
- relatively inexpensive if water supply 
is abundant 
- ea!5y to apply 

DWVaNTAGES 
- danger of excess nitrates 
- must be kept dry before use 
- tends to be slower acting 
- can be more expensive 
- dauger of excess nitrates, toxic to plants, 
wildlife and nearby water bodies 

- lower leveis of solubility 
- hard to apply as powder 
- must be mtotiiled into soil thoroughly 
- pellets a less effective (lower surface 
area), more must be applied - watch possible secondary sulphate 
problem 
- residual powder left on surface is wasted 
powder can easily blow away 
- higher clay soils require more gypsum use 
- deeper contamination requires high 
mounts of gypsum 
- concern with heavy metals and 
radioactivity 
p- - - - - - - . - - - - - - -- - - - damages plants, animals 
- increases pH 
- may damage plant mots 
- chloride ion toxicity with plants - tends to require larger applications of 
water, drawback in areas that have reduced 
water availability 

This is a quick reference chart of advantages and disadvantages of 
calcium amendments. It should be noted that each advantage can 
be a disadvantage, and vice versa, depending on specific site 
conditions. 

Table 6.6: Advantages and Disadvantages Of Calcium Sources 
Source: Petroleum Industry Training Service, 1994 



CHAPTER SEVEN 

PHYSICAL AMENDMlENTS 

KEY TOPICS DISCUSSED 

Equipment / compaction 
Tillage 
Deep ploughiag 
Subsoiling 
Profile inversion 
Smding 
Digosage 
Organic matter and fertilizer amendmen6 
Flushing I irrigation 
Leaching 
Leaching 
Berms and trenches 
Dyke systems 
Subsurface drainage systems 
Excavation 
Soil washing 
Sordan grass 
Crop establishment 
Revegetation 
The two step crop establishment method 
Plant species selection 
Erosion control 
Erosion control methods 

vertical drabs 
filter fences 
mulching 



EOUIPMENT ACTIVITY / COMPACTION 

Under average conditions, virtually all soils will compress under the heavy load of trattic, 

with most of the compaction occurring on the first pass. During spill conditions heavy 

equipment will rut and smear many soil layers, leaving soil that has few comected pore 

spaces. With less effective pore space, air and water movement as well as root penetrative 

ability can be M e t  limited. Severe compaction does not fix itself, and often will require 

surface, as well as, subdace ripping which loosens the soil material, thus allowing for 

increased infiltration (Curie, pers. comm., 1994). The process of "ripping" is performed 

by attaching a tooth or spike to the hitch of a grader or cat 

Soil compaction is an important parameter in the assessment of reclamation success. A 

firmly compacted soil will greatly interfere with the penetration of air, water, microbial 

activity and plant roots. The wheel pressure fmm even "light" machinery and trucks is 

often enough to cause a level of soil compaction that will inhibit plant growth. Salt spill 

clean-up in most cases requires the use of construction equipment and trucks to divert, 

capture, pump up, apply amendment, flush and leach the affected areas. 

Further damage and cutting can occur while the soils are wet because dispersed soil 

structure is already weak. Admixing can occur easily when machinery wheels are 
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smearing wet soils together. Ponding or sealing of water will be promoted in the new ruts 

that the machiaery will Leave. Any vegetation that is left on site can be easily trampled 

and destroyed beyond repair by large machinery. When plant growth is hindered, attempts 

at fiutber reclamation by establishing a crop cover will fail (Cturie, pas.  comm., 1994). 

Soil compaction is measured by bulk density, which is the amount of the pore spaces in 

the soil. Soils with high bulk density readings wil l  inhibit seedling emergence, resist root 

penetration and restrict the movement of nutrients, air and water throughout the soil 

matrix. Bulk density is expressed in ~ g / r n ~  or g/cm3, and is affected by soil texture, 

organic matter content, pore space, compaction and soil particle density. Soil compaction, 

and hence an estimate of bulk density, is commonly measured using the cone 

penetrometer, which records resistance to penetration of a rod into the soil (Petroleum 

Industry Training Service, 1994). 

The formula for calculating bulk density is: 

Bulk Density - - Weinht of Soil 

Volume of Soil 



SUBSTRATE 1 ~drn~ 
Water (distilled, pure) I 1 .OO 
Topsoil in Alberta 
Topsoil - Sandy Loam (fair - poor) 

0.85 - 0.95 
1.5 - 1.7 

- Lolrm (fair - poor) 
- Clay Loam (fair - poor) 

Topsoil (poor) Growth Limited 
Subsoil in Alberta 

For comparison and information about density volumes, a table 
has been provided of densities of common soils. 

1.4 - 1.6 
1.3 - 1.5 

1.27 
1.15 - 1.45 

SubsoiI no treatment 
- ripped 
- ripped + amended 

Peat horticultural grade average 

Table 7.0: Esampks Of Density Values 
Source: Petroleum Industry Training Service, 1994 

1.15 
1 .Oo 
0.97 

0.20 - 0.35 

TILLAGE 

Tillage of the soil can break up the compacted and hardpan layers to re-establish good 

growth conditions. Tillage is performed with a variety of agricultural and landscaping 

implements includiug a disc plow, cultivator, chisel plow, rototiller and harrows 

(Borreson, pers. cornm., 1996) 
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Non-agricultural or forested laads should be left untilled (Webster, 1975). Tiiage tends to 

accelerate the soil degradation pmcess, therefore compacted soils and hardpan layers 

should be left uadistudd, or Wed mtnlmall . y. In agricultural areas, the soil can be 

shallow-tilled to assist initial gypsum infiltration into the soil. Tillage should be avoided 

in drier areas as it will expose the soil to higher evaporation, removing any soil moisture 

left (Alberta Agriculture, 1 985). 

DEEP PLOUGHING 

The use of deep ploughing to a depth of 60 cm can beneficial. The ploughing physically 

disturbs the deep, impermeable hardpan created by the sodium. It can further bring a Lime 

and the calcium enriched lower horizon(s), i f  present, closer to the surface, assisting in 

the calcium/sodium exchange. If, however, the soil does not contain a calcium rich lower 

layer, this method could prove detrimental (Webster, 1975). Deep ploughing can also 

alter the chemistry and physical nature of the soil solution, which could improve nutrition 

Levels in the plants root zone and assist plant regrowth (Alzubaidi and Webster, 1982). 

Ploughing the soil will create pore spaces that can assist in water, nutrient and air flow 

through, as well as plant root penettation in an otherwise impermeable soil (Ballantyne, 

1982). Usually, the depths achieved by deep ploughing are between 35 and 100 cm 

(Warren, 1987). Admixing problems are usually encountered if deep ploughing is 
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conducted improperly. A typical admixing issue involved with the use of this remediation 

procedure is the change of soil texture, possibly to the point where vegetation 

productivity is hindered. To combat this issue, incorporation of organic matter, such as 

manure or m w ,  should be perfomed in conjunction with deep ploughing. Deep 

ploughing tends to double the infileation rates in the soil and results in significantly 

lower levels of soluble sodium and SAR values @ole, 1985). 

Subsoiling involves breaking up the subsurface layers without disturbing either the 

number or the order of the upper soil horizons. Subsoiling will improve the permeability, 

aeration, percolation, as well as mobilhtion of the salt through the lower soil horizons, 

where it can be flushed into a tiling system and collected. The maximum depth of a 

subsoiling device should be one meter (Warren, 1987). It is best to wait for drier soil 

conditions and to make several passes with the subsoiling implement to ensure the 

hturing of the hardpan at depth. Implements for subsoiling are a deep tiller, a paraplow, 

or a parabolic shank ripper. The parabolic shank ripper is the most efficient tool for 

subsoil depths greater than 45 cm, because it allows minimal subsoil mixing. Vertical 

shank rippers can also be used, yet have more problems associated with mixing of the 

subsoil with the topsoil (Petroleum Industry Training Service, 1994). 



PROFILE INVERSION 

Protile inversion is a multi-stage process which involves removing the A horizon, then 

inverting the B and C horizons. As a result, the B horizon, with its highly exchangeable 

sodium, will be mder the C horizon which contains the higher calcium content The A 

horizon is then replaced With subsequent leaching or flushing, the calcium supplied fiom 

the C horizon will exchange with the sodium now buried in the B horizon, thus increasing 

the calcium exchange potential (Warren, 1987). 

SANDING 

Applying sand to the soil by tilling, ploughing or discing, will change the textural 

contents, affecting the physical and chemical properties in the soil. The sand will make 

finer soils more coarse textured, which could promote aeration and permeability, as weil 

as facilitating the leaching of the salts. Normally 30 to 50 % sand should be enough to 

maintain permeability, even in high sodium soils (Warren, 1987). The disadvantages of 

sanding include loss of nutrients as well as water holding capacity as a result of the rapid 

water movement thmugh the soil, as well as exacerbating dry soil conditions during 

periods of either reduced moisture or increased evapotranspiration (Warren, 1987). 
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Additionally, the amount of sand added to the soil must not change the textural class. 

This issue is especially important when applying for reclamation certificates. 

DIGOSAGE 

Digosage involves bringing in soil that has a high lime or gypsum content and mixing it 

with the contaminated soil on site. OAen calcium amendment rich soil types are not 

available or readily stockpiled in the immediate areas. As a result, trucking in these soils 

can be very expensive and therefore this method would only be feasible in areas that have 

readily available soil with the appropriate high lime or gypsum characteristics (Warren, 

1987). Some counties and municipal districts have regulations pertaining to the oansport 

of soil within county areas, and will not d o w  import of soils outside a certain boundary. 

ORGANIC MATTER AND FERTILIZER AMENDMENTS 

The basic principle behind organic matter and fertilizer amendments is to improve the 

quality of the soil for the survival and growth of plants and micro-ocganisms. As a result 

of higher plant growth and microbial activity, the soil structure, soil porosity and 

infiltration rate will also be improved. Many sources of organic matter exist: straw, 

manure, peat, sawdust, wood chips and sewage sludge, etc.. Organic matter tends to 
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increase the rate of water infiltration and air exchange in a soil profile because it adds 

porosity and decreases the buIk density of the soil. Fresh cereal grain straw is often used 

for this purpose, particularly flax straw, which is the most resistant to quick breakdown. 

Cattle manure, orgaaic sludge h m  water treatment faciiities, and decomposing straw or 

wood products improve soil structure by supplying plysaccharides that help form stable 

soil aggregates. Peat, manure, wood chips, sawdust, and pelletized sugar beet pulp are 

valuable organic amendments for reducing soil bulk density (Petroleum Industry Training 

Service, 1994). On sites with severe contamination, several applications may be necessary 

to remediate the salinity problem More than one application can be applied in a summer 

season, and more than one year may be required to remediate highly contaminated sites. 

When using multiple applications, it is recommended that rates not exceed 33 to 45 

tomesh in a single yearly application (Warren, 1987). 

Organic matter amendments are added to improve soil fertility and to increase water 

holding capacity of the soil. The percentage organic matter h m  a soils analysis may be 

w d  to decide if an amendment is needed. Agricultural sons average about four percent 

organic matter, native grasslands average eight percent, and forest soils range as high as 

30 % in the organic or duff layer. Soils with less than two percent organic matter can be 

very difficult to revegetate. The initial stages of decomposition of fresh organic matter 

consume large amounts of nitrogen, therefore, nitrogen fertilizer should be added in 
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quantities that conespond with the type of organic matter amendment used (Albara 

Agriculture, 1985). 

When incompletely incorporated or left near the surface, organic matter may cause 

moisture stress on plants in an arid region by intercepting rainfall and holding it at the 

d a c e  where it can be quickly lost by evaporation. Moisture fiom a Light rainfall may 

never even reach the soil d i e  or the plant root zone. Organic matter must be 

effectively tilled into the soil to appropriately improve the soil porosity. 

It may be necessary to apply organic matter amendments many times to be effective. Most 

of the amendment wiU decompose quickly, releasing the organic carbon as C a ,  thus, the 

increase in organic matter of the soil and any benefits will be temporary (Alberta 

Agriculture, 1985). 

An organic matter amendment should not be confused with organic matter spread on the 

surface of the soil as a mulch. After a minor salt spill, or during initial plant re- 

establishment stages, an organic matter mulch may be applied as an erosion control 

measure, or to reduce evaporation, by incteasing moisture levels or to improve seedling 

establishment in an exposed location. When applied for these purposes, the organic 
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matter is not tilled into the soil but simply spread over the d a c e  for maximum ground 

cover (Petroleum Industry Training Service, 1994). 

On previously uncultivated or native lands, organic matter amendments should not be 

incorporated into the soil because tilling procedures wil l  destroy the mot stalks aad seed 

b a t h  of native plants- These soils generally tend to have a naturally high organic content, 

thus, organic amendments should be coasidered only as a last resort (Alberta Agriculture, 

1985). 

Straw and manure amendments must be examined or screened carefidly prior to use. 

Often they can carry unwanted seeds which are transported into an agricultural cropland 

or undisturbed areas of native vegetation. In agriculnual areas, straw or manure should be 

obtained from the land owner or an approved source. Commercial seed farmers are an 

excellent source of clean grain and grass seed straws (Currie, pers. comm., 1995). 

Manure is superior to peat use in terms of both increased yields and water retention 

ability. Manure applied at eight tomeSma significantly increased yields, whereas peat had 

no beneficial results at the same application rate (Warren, 1987)- The fibrous nature of 

peat will increase the soil porosity which induces moisture stress through evaporative loss 

(Warren, 1987). However as a disadvantage, manure only has a short term benefit, as it 
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breaks down easily and qyickly- Manure should also be aged and not fksh "green" 

man= (Petroleum Industry Training Sewice, 1994). 

ORGANIC MATTER 
(OM) TYPE 

E'ure OM: 
100 % OM O?! ash 0?4 H20 
Cereal Grain Straw: 

bm&cCf.re 

22 

X % O M  lS%asblO?%&O 
Manure (2yrs old): 
25% OM LOo! ash 65% H9O 

Various types of organic matter types are given for Merent land 
amounts. 

30 

Peat Moss: 
25% OM 10°h ash 65% H20 

Table 7.1: A ~ o M ~  Of Amendment Required To Increase Organic Matter 
Content 

Source: Petroleum Industry Training Service, 1994 
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beneficial effects on soil restoration. Therefore, the organic matter content in the soil 

lbl1OOO ft3 
I 

450 

13 

9.0 

should be both sampled then analyzed annually. Organic matter amendments will 
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decompose quickly and repeated applications will be necessary (Petroleum hdustry 
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40 

Training Service, 1 995a). 

2,000 
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The choice of organic matter amendment used is determined by cost, availability and 

quaIity. Both straw and manure can carry noxious unwanted weed seeds onto the site. The 

excess moisture content in manure can add to the weight and thus increase the cost of 

hauling. Straw tends to be mom consistent than manure in both moisture content and 

overall quality. Very old and well rotted manure and straw have lost much of the structure 

that adds the porosity needed to treat compacted soils, thus, b h  straw and two year old 

manure is most ideal (Alberta Agriculture, 1985) 

Organic matter amendments can be spread using a variety of machines that will ensure aa 

even distribution and depth. Manure spreaders, straw blowers and straw spreaders for 

large-round or large-square bales are available (Petroleum Industry Training Service, 

1994). Incorporation of the organic matter amendment should be to a depth of 15 to 20 

centimeters by rototiller or disc cultivator (Petroleum Industry Training Service, 1994). 

Soil structure will be less likely to deteriorate in soils that contain higher organic matter 

content Thus, the use of manure amounts such as 20 tfa appears to have a beneficial 

effect. The manure also will twist with higher nutrient availability (Webster, 1975). 

Physical nutrients are added, through the organic matter, that will assist in the promotion 

of vegetation or plant growth. The resulting increased plant growth, will further promote 

aggregation of the soil and will afford protection against crust formation during rain fdl. 
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The addition of manure also will increase biological activity in the soil, lowet pH, 

augment the storage capacity of nitrogen in the humic Iayers and assist the restoration of 

physical and biological properties (Sharma and Gupta, 1986). 

Fedlizers can be applied once nutrient contents in the soil have been analyzed and found 

to be deficient. Specific analysis of the amounts of each individual element is necessary 

to determine which elements are deficient, Once deficient elements are discovered, the 

type of feailizer needed can be easily assessed Fertilizers contain various levels of 

nitrogen, phosphorous, potassium and sulphur, which can be determined by the numbers 

on the fertilizer label. For example a fertilizer label 40-30-20-10 means that there is 40 

percent N or nitrogen, 30 percent P& or phosphorous, 20 percent K20 or potassium and 

ten percent S or sulphur. 



Calcium Nitrate 1 15*5-0-0 
Urea 1 46-0-0  
Urea Ammonium Sulphate 34 - 0 - 14 I 
Ammonium Phosphate 

Ammonium Sulphate 1 21-0-14 

1 Calcium source for salt water spills 
Also a nitrogen source for plant growth 

I Nitrogen source for plant growth 
Nitrogen and sulphur source 
Used for high pH soils 
Phosphorous source 
Assists ill starting plants 

Nitrogen and sulphate source 
Used for hiah DH soils 
Potassium source 
Slow release of nitrogen 
Provides steady nitrogen supply 

nitro en leachin 

Commonly used fertihm and their formulas are supplied in this 
table, as well as a rationale and situation for the usage of each. 

Table 7.2: Common Fertilizer Types Used In Reciamation 
Source: Petroleum Industry Training Senice, 1994. 

FLUSEIING / IRRIGATION 

Flushing and irrigation refer to the flooding of fksh water over a spill site in order to 

push the salt through the soil profile, and out to be collected later. It should be noted that 

these methods only work in well drained or internally drained soils that will allow water 

movement through the soil profile and into a greater depth. In poorly drained soils, the 

salt water problem can be further exacerbated by ponding due to the lack of water flow 
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through the soil profile. Unlike irrigation which oecm only with water, flushing cau also 

act as a means of delivering the calcium amendment to the salt affected areas. With either 

method, the objective is to ieach chloride and sodium salts away from the root zone, 

either deeper into the subsoil or into a seepage recovery location @orreson, pem coma, 

1 9%). 

One must use caution, however, when dealing with sodium salt affected soils where h s h  

water flushing can cause additional damage. AAer the initial influx of sodium into the soil 

profile, the particles will expand slightly. If flushed with k s h  water prior to treatment, 

the particles with expand firrther and tend to disperse easily. If SAR values exceed 25 in 

the initial sampling and analysis following a salt water spill, the soil will likely disperse 

quickly and the damage will become diff?cult to reverse. An appropriate flush water 

would contain a small concentration of calcium salts which would assist with the 

immediate displacement the sodium ions (Petroleum Industry Training Service, 1994). 

The dispersion hazard is much lower on undisturbed forest soils with an organic soil 

horizon or forest litter, than on cultivated mineral soils. Contrary to agricultural soils, the 

contaminated forested area should be flushed as soon as possible. Preservation of the 

native vegetation is a priority and minimizing the length of time the salt water is in 

contact with plant roots is critical for their survival. Water with a conductivity less than 
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one mmhodcm should be used to flush forested areas. Water should be applied by a 

sprinkler, or discharged fbm header pipes laid upsIope fbm the spill. The rate of flow 

should be monitored caretidly to avoid or minimize overland flow and erosion. The aim 

of the water flushing is to have the salts washed into the subsoils and then be collected in 

seepage recovery locations. The leachate should be coiIected in trenches or bell holes and 

the water treated or disposed of by downhole injection into a regulated and approved host 

formation. The depth of the downhole injection well varies depending on which 

formation is being utilized, and its location within the province. Additionally, a downhole 

site could be a producing formation in which a watedood project is in operation. 

Collection sites (bell holes), for seepage recovery are usually located downslope of the 

spill site. In flat areas, a trench or tile system should be utilized with collection culverts. 

The feeder system should be graded to allow movement of the leached solution to the 

recovery locations. Several flushes may be required, often with three or four days 

between each flush to allow for drainage. The leachate should be monitored for 

conductivity, and treatment would cease when the leachate reached a stable reading of I 

to 2.5 mmhoslcm or 500 parts per million of chloride (Petroleum Industry Training 

Senice, 1994). 



LEACHING 

Lowering the wata table by various methods does not necessarily duce  the soluble salt 

content in the soil root zone. Removal of the soluble salts h m  the root zone is required 

to restore productivity of the soil. Often leaching is the only feasible method of reducing 

the soluble salts in the root zone. Leaching water is commonly applied using gravity 

methods, continuous or intermittent pouding, or sprinkler application. Soluble salts will 

move in the soil water by difEwion, convection or both. Convection is the predominant 

process for salt movement in the soil, since diffusion acts very slowly. To move excessive 

amounts of soluble salts h m  the soil root zone it is necessary to percolate excess water 

beyond that zone (Dudas, 1995). It should be noted that like flushing and irrigation 

methods, leaching will dso only be effective in well drained soil profiles. 

According to Dudas (1995), the total water 0 applied as irrigation or precipitation 

will equal the evapotranspiration (EV) plus the soil storage (S) and the drainage water 

(DW) h m  a given soil depth, assuming that there is no d a c e  runoff. This can be 

shown as: 
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Further, the soluble salt balance (TS) is the total soluble salt (SS) in the given depth of 

soil, minus the drainage water @W) h m  a given depth of soil multiplied by the soluble 

salt concentration of the drainage water (Cd). The longer the contact time, the higher the 

soluble salt content ofthe drainage wata will be (Dudas, 1995). 

The main objective of reclaiming salt affected soil is to reduce the total soluble salt in the 

soil to a level where there is no significant crop damage. This needs to be accomplished 

in the shortest period of time and with the least amount of water usage. Characteristics 

such as soil type, type and amount of soluble salts, targeted degree of reclamation, and 

economic and climatic conditions all need to be considered (Dudas, 1995). 

Natural rainfall may be insufEcient to leach salts. The leaching process can be accelerated 

by trapping snow on site with snow fences, soil ridges, straw bales, windrows or by 

diverting runoff fiom off-site to the affected on-site areas (Currie, pers. comm., 1995). 

When diverting fhm off-site areas one must further assess the possible impacts of 

changing the natural drainage patterns on the locations that the runoff is being diverted 

from. Diversion h m  other sources should only be considered if it does not seriously or 

permanently alter the original drainage sites conditions. 



I 90 % salt removal I 60 cm of water per 03 m of soil I 

SALT REMOVAL 
L 

50 % salt removal 
80 % salt removal 

The amounts of water needed to d u c e  concentrations of salts in 
soils greatly increases, while the percentage of salt in the soil only 
changes slightly. Thus, flushing can often be a costIy solution in 
areas with restricted amounts of water supply. 

WATER AMOUNT 
1 

15cmofwaterper0.3 mof soil 
30 cm of water her 0.3 m of soil 

Table 7.3: Water Amounts Reqllircd To Leach Salts In Medium Textured Soils 
Source: White and De Jong, 1975 

Leaching water can be applied by three methods, each taking advantage of gravity: 

continuous pading, intermittent ponding and trickle irrigatio~ Continuous ponding will 

be the fastest to remove the salt, yet the most effective method is the trickle irrigation 

(Warren, 1987). Continuous ponding causes the most amount of water to move through 

the large pore spaces in the soil rapidly. With trickle irrigation the soil is not saturated and 

the water will move through the smaller pore spaces allowing air to move through the 

larger pore spaces. Frequent, lighter irrigations have proven to Leach at least half of the 

soluble salts and a large portion of the sodium h m  the soil profile, reducing S A R  values 

fiom more than 20 to less tban 10 in the surface 60 cm (Bole, 1985). Adequate drainage 

must occur, or the water table will again rise and resalinization could take place. Surface 
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and subsuface drainage systems can be installed to maintain and stabilize the ground 

water levels (Borzeson, pers. comm., 1995). 

This nomograph allows a general predictability for reclamation of 
various soiIs based on SAR value. One can use either the sodium 
value (left side) or the calcium value (right side) to move 
horizontally across to the diagonal middle line and find the 
corresponding SAR or ESP values. For example: A sodium value 
of 50 corresponds to a S A R  value of approximately 15 and an 
ESP value of approximately 20. 

Figure 7.0: The RehtionsLip &tween Sodium Adsorption Ratio And Estimated 
Equilibrium Exchangeable Sodium Percentage 

Source: Dudas, 1995 
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The nomograph in Figure 7.0 provides the relationship between the quality of water, 

based on its SAR value, that is used for leaching a salt-affected soil and the subsequent 

exchangeable sodium percentage (ESP) that would be the result of the ion exchange fiom 

sodium to calcium Using the nomograph can allow an initial general predictability for 

soil reclamation based on SAR value- 

BERMS AND TRENCHES 

Berms and trenches are an important part of the containment and recovery phase during 

initial spill response. These same techniques may also be necessary throughout the 

reclamation process. 

When dealing with land spills, the spill must be confined to as small an area as possible. 

This area should be secured to prevent fluid migration on or off of the site. The 

contaminated product should be removed quickly and totally to prevent soil penetration 

(Borreson, pers. comm., 1995). 

The ground sudace can be modiiied with berms, trenches, windrows, dykes aad bell holes 

in order to contain produced water spills or to facilitate salt water collection and 

treatment. The objective of these devices is to intercept the surface flow run-off and 
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channel it either into a specific area of the site or completely off of the spill site to a 

collection area where it can be treated (Borreson, pers. c o r n ,  1995). Open trench drains 

can be excavated with a backhoe to a depth of one to 1.5 meters, and are usually spread 

evenly apart at two to tbree meter intervals (Petroleum Industry TraiaiDg Service, 1994). 

Surface modification is very site specific. Taking advantage of sloping terrain may 

provide a naturally occurring central coUection spot. Dykes and trenches must be 

designed to fit local conditions of topography, soil type, and land use. Topsoil should be 

stripped and stock piled separaely h m  the subsoil to avoid admixing Collection 

trenches and bell holes should be located so that they are convenient for pumping of the 

leachate and also minimize vehicle travel over the damaged soil (Petroleum Industry 

Training Senrice, 1994). 



Treatment with an amendment and flooding with water would 
draw the salts into solution, to be collected in bell holes- The 
water would be tested and treated. Carem monitoring is required 
to reduce bell hole flooding and salt re-entering the soil. 

Figure7.1: ATtenchAndBeUhokSystem 
Source: Petroleum Industry Training Services, 1994 

Containment trenches and bell holes can be excavated around the perimeter of spill areas 

to prevent fivther migration of water. Feeder trenches can be excavated and tied into the 

containment trench to promote natural movement of fluid to the recovery area and aid in 

clean-up procedures by flushing (Petroleum Industry Training Senice, 1994). Sizes and 

depths of trench systems will depend on the volume of the initial spill. Trenches do not 

need to be Lined in areas that have relatively impermeable soils. On sites with very 

permeable soils, however the trenches would need to be lined to prevent vertical seepage 

of the contaminant, 
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The feeder trench system is an elaborate expansion of the trench 
and bell hole theory. This can be used in instances where the spill 
area is larger. Spills extending beyond lease boundaries, or 
entirely outside the boundaries, must still be reclaimed to pre- 
spill conditions. 

Figure 7.2: A Feeder Trench System 
Source: Petroleum Industry Training Service, 1994 

Surface drains are usually shallow, 15 to 30 cm in depth, and collect both water and the 

dissolved salts. For d a c e  drains to be effective, the salts must be concentrated near the 
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SUCface so they can be dissolved and removed easily. The soil permeability must eiso be 

fairly low to facilitate water and con Eamirmnt travel (Borreson, pers. comm., 1995). 

In cases where the water table in the trench and bell holes is the same level as the spill 

area, inflow of water to these couection areas will be slow. In these situations, the 

trenches must be properly sloped to direct fluids to the recovery area, and recovery 

devices such as pumps should remove the fluid on a continuous basis to enhance 

continued flow and movement of the contaminant (Boneson, pers. comm., 1994). 

Trenches can be constructed during both winter and summer months using various 

equipment types. They can be nanow and shallow to pmvent additional penetration. They 

can be sloped to promote faster and directional movement of fluid to recovery areas. They 

can be wailed or contoured so that they fit into the natural surroundings aud can be left 

in place during reclamation to provide a drier more accessible site. Skimmers and suction 

units can be placed in the trench or bell hole to recover fluids. Use of screens keeps trash 

and debris h m  the collection a&a. In areas where the soils are more permeable and 

susceptible to leakage, plastic barriers or sorbent blankets can be used to line the 

excavation and to reduce or prevent fluid penetration. Collection trenches in conjunction 

with flushing can be very effective in clean-up operations (Petroleum Industry Training 

Service, 1 994). 
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Coastruction of a trench and bell holes may be limited if the appropriate equipment is not 

available or if the site cannot be accessed without extensive damage to the sumomding 

area. Expensive road construction may be needed to access the site. Ia some spill 

situations, provided the area is contained, it may be advisable to wait until the area is 

hzen  to facilitate equipment movement and to keep damage to a minimum. Trenches 

and bell holes that are excavated too deeply or with too great a width can result in W e r  

contamination and additional clean-up. To reduce soil damage in wet area, some trenches 

and bell holes may have to be excavated using hand shovels rather than large machinery 

(Petroleum Industry Training Service, 1994). 

DYKE SYSTEMS 

One of the most effective methods of controlling and containing a spill is to have a dyke 

surrounding the production facilities on a site. AU produced water storage tanks should be 

surrounded by a dyke large enough to contain the total amount of the biggest tank within 

the dyke. These dykes should be constructed of clay or other fine w e d  materials (Gulf 

Canada Resources Ltd, 1996). 
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On oil and gas sites several general rules should be followed (Gulf Canada Resources 

Ltd., 19%): 

that have water injection pumps on site, 

2. Water fxilities used for disposal should be checked daily, for tank 

overflows, or piping and flowline leaks, unless iastrumentation has been 

attached that will notify operators of emergency situations, 

3. Flow recorders used to monitor injection flow rates and to allow for 

flow balancing is strongly suggested, 

4. Switches for low and high pressure shut downs should be used 

wherever applicable and practical, 

5. Alanns that measure level of fluids on the tanks can also be 

considered, 

6. All unnecessary equipment, gauges, sight glasses or other potential 

fdure points should be removed, 

7. Any dykes, berms or water diversion trenches used for spill 

containment must be regularly checked and properly maintained, 
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8. Siphon drain systems should be used to remove uncontaminated 

surfiace run-off of fluids. Open drain pipes should never be used, 

9. With all new f d t i e s  a list of the potential leakage areas should be 

noted. These could include: truck loading points, test separator skids, 

underground tanks and flare knock out drums. Preventative and 

containment plans should be developed for each potential failure 

area. Costs for prevention will usually be less than the costs for clean up, 

10. Any dead end pipe or tubing that could potentially leak fluids or 

corrode should be h e d  with a bull plug or blind flange, 

1 1. All flowing or pumping oil and gas wells that handle significant 

volumes of fluids should be regularly checked and monitored, 

12. Level alarms, leak detectors and other types of spill prevention 

equipment should be Listed on the preventative maintenance schedule, and 

13. Corrosion prevention and monitoring practices should be reviewed 

regularly, both with flow lines and pipe lines. 

Earthen dykes can be used in spill situations where access is relatively easy and clay soils 

are available. Areas which are extremely wet or have dense bushes or trees are very 

difficult to access. Dyke materials in very wet muskegs instances should not be placed on 



152 
top of the organic layer.. In these instances, the original cover should be removed by band 

or using a scraping device that will reach down to the mined layer. This will produce a 

better seal between the existing soil and the dyke material (Petroleum Industry Training 

Service, 1994). Dykes of impermeable material provide an adequate means for retaining 

water. Impermeable materials such as clays can be difficult to obtain and in some cases 

would have to transpotted into the site, which can be costly. Organic layem in muskeg 

areas are often thick The amount of fill material needed to bring the dyke above the 

water level could be very extensive. In these cases, plastic liners can be used over the 

more penaeabie soils. Heavy equipment may be needed to construct the dyke on site, and 

in environmental sensitive or wet areas, access may not be possible. Dykes should be 

removed after clean-up has been completed to restore normal water level to the muskeg 

(Petroleum Industry Training Service, 1994). Dyke construction usually is limited to 

small spill areas, or as a protective measure around production equipment and storage 

tanks 



An earthen dyke is usuaIly made up of clay soil which is 
relatively impemeabie, or a more permeable soil and a liner. 
Dykes will contain the water so that clean-up crews can have 
enough time to remove any p l e d  liquids. Often, on a smaller 
scale, an earthen dyke system is installed as the lease is built 
around areas that could be prone to leaking or accidents. 

Figure 7.3: Cross-section WAD Earthen Dyke System 
Source: Petroleum Industry Training Services, 1994 

SUBSURFAa DRAINAGE SYSTEMS 

Subdace  drainage is a treatment approach which is appropriate for very severe salt 

water spills and for spa sites with poor subadace permeability. The objective with 

s u b d a c e  drainage systems is to remove the water and dissolved salts from the root 
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zone. Leaching salts h m  some soil types is difficult because of low permeability of the 

soil. A warm, dy climate compounds the d i f f i d t y  because evaporation h m  the ground 

surface pulls the salts with the water up h r n  deeper levels. Precipitation may be too low 

in arid regions to leach the salts downward past the mot wne. In these instances, 

subnufke drainage systems are commonly installed for agricultural applications 

particulariy for irrigated fields. 

Salinity control for reclamation in Alberta can easily be accomplished with drains ranging 

in depth fbm 0.8 to 1.8 rn (Buckland et al., 1986). In Alberta, drains installed at 0.76 m 

are sacient in most areas to control the water table and prevent resalinization of the 

d a c e  soil (Buckland et al., 1986). In drains at 1-22 m depth, about 70 mm of water is 

required to reduce two meters of salinity by one percent, while 730 mm was required to 

reduce salinity in drains at the 1.68 m depth (Buckland, et al., 1986). Therefore, in areas 

where water is at a premium, adjustment of drain depth can assist in reducing the amount 

of leachate water needed. Spacing of drains at 30 m intervals in coarse textured soils and 

15 m spacing in fine textured soils are common (Turgeon, 1987 ). 

It should be noted that the shallower the drainage system, the more on site supervision, by 

the oil company representative or an independent consultant hired by the oil company, is 

required for reclamation of the site (Turgeon, 1987). Minimum soil coverage to prevent 
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pipe crushing h m  farming equipment would be approximately 0.76 m, while 1.68 m 

corresponds to the depth anainable for most machinery used for drain installation 

(Buckland et al. 1986). 

S u b d k c e  drainage systems are particularly effective in poorly drained spill sites. It is 

essential that for proper reclamation all topsoil material should be salvaged before the 

subsurface drainage installation. The leachate should be removed h m  the drainage 

system on a regular basis to avoid overflow. Typical leachate collection systems are bell 

holes, culverts installed vertically or underground reservoir. Above ground storage tanks 

can then be used to store the leachate until it is treated (Borreson, pers. comm., 1995). 

With a subsurface drainage system (drainage or weeping tiles), corrugated plastic tubing 

(100 mm dia) is installed at regular spacing intervals (Currie, G., pers. comm., 1994). 

The minimum permissible gradient is 0.2 %. Many modem installation pieces of 

equipment have been equipped with a laser plane grade control to maintain the proper 

installation gradient (Petroleum Industry Training Service, 1994). Maximum permeability 

around the drainage tile must be maintained, so the tiles are usually bedded on a gravel or 

plastic substrate. Tiles and substrate should be installed when the water table is the lowest 

and the soil is the driest (Petroleum Industry Training Senice, 1994). 
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Large tile systems are often expensive to install. As an alternative, mole Qaias can be a 

short-term measure instead of tile drains. These can be used in areas where the water 

table is less than one meter in depth (Turgeon, 1987). Mole drains are small, shallow 

drains apptoximately 5 to 10 an in width and buried 40 to 60 an deep. They are installed 

using a moling plow which creates temporary (one to three years) unsupported, 

s u b d a c e  drainage (Petroleum Industry Training Service, 1994). Mole drains can only 

be used if the soil is cohesive, as it is the soil that lends support and stability to the drain. 

This diagram shows a mole drain system. The contaminant flows 
into the side feeder (mole) tubes and then into the larger main 
channel where it can be collected at an end- 

Figure 7.4.: A Mole Drain System 
Source: ~ d a ~ t e d ~ r o m  Petroleum Industry Traiaing Senrice, 1994 



EXCAVATION 

Excavation is necessary where soils have been heavily contambted or where there is a 

risk to groundwater con tambation. With all excavated materials, treatment is rapid. 

Excavation can be very costly when hauling and disposal facilities are factored into the 

equation. Once at a disposal facility the affected soil will be incinerated or subjected to 

soil washing procedures. This is a very costly procedure and is an option that should be 

chosen only after in-situ remediation has been determined to be too costly or time 

consuming (KBL Land Use Consultiag Ltd., pers. c o r n ,  1996). 

Soil washing is a relatively new process in which the contaminated soil is washed with 

water and or solvents. Some soil washing facilities are mobile and can be used for in-situ 

treatment. The unit is transported to a site and all soil washing is carried out on that site. 

The cost of these techniques is ofien greater than most companies are willing to pay. As 

an advantage, however, the removal rate of the salt in the soil is higher due to the more 

controlled process (Petroleum Industry Training S e ~ c e ,  1994). 
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An on site Pump and Leach Treatment can be suitable for spills of soluble or semi- 

soluble materials on permeable soil. Initial excavation is reqrdred for installation of the 

injection and recovery mechanisms ammd the spill. Water @ot, cold or steam) and a 

calcium amendment is then pumped into the contaminated soil. The resuiting 

contaminated leachate is captured and subsequently treatment (Petroleum Industry 

Training Service, 1994). 

Soil can also be transported off site to be washed. But this method is very expensive due 

to the associated costs of trucking and storage (GulfCanada Resources Ltd., 1996). 

Subdace Drains 1 Very High I 

Treatment I Relative Cost 
I 

ON-SITE OPTIONS: 
I 

Flushing / irrigation 
Berms and trenches 

Cultivation I subsoiliag 

General overview of costs, although specific methods for specific 
sites can be more or less expensive depending on circumstances. 

High 
Medium 
Medium L 

Calcium Amendments 
Organic Matter Amendments 

Revegetation 

Table 7.4: Costs of Treatment Types 
Source: Petroleum Industry Training Services, 1994 

Medium 
Low to Medium 

Low 



SORDAN GRASS (SORGHUM and SUDAN GRASS1 

S o h  grass is a hybrid of sorghum and sudan grass (Turgeon, 1987). Sordsn grass roots 

produce large amounts of carbon dioxide which results in carbonic acid formation in 

moist soil (Turgeon., 1987). The carbonic acid dissolves any calcium carbonate naturally 

present in the soil. The released calcium ions can in turn replace the sodium ions both on 

the soil particles and in the soil soiution. 

CROP ESTABLISHMENT 

In areas that are cultivated, the expedient establishment of a salt tolerant crop can assist 

the overall reclamation procedure. Crop growth will lower the water table because the 

water will be drawn through the root system into the plants. Further crop establishment 

will provide a protective covering over the soil, reducing the incidence of cracking and 

blocking due to surface rainfall damage (Webster, 1975). Salt tolerant species include 

wheatgrass, hay crops, legumes, ornamentals and trees (Poplar sp.) (Edwards and Blauel, 

1975). 



Revegetation is an important part of treating a spill. Preserving land capability, reducing 

erosion and demonstrating success in spill reclamation are the primary reasons for 

revegetation. For economy and efficiency, revegetation and erosion control techniques 

should be applied in conjunction with the spill reclamation treatment. 

Plants have a very beneficial role in the reclamation of salt affected soils. They improve 

aggregation and stability of soil aggregates, minimize soil crusting and ponding, improve 

the infiltration and hydraulic conductivity, increase dissolution of lime and cycle calcium 

and magnesium efficiently (Dudas, 1995). 

Seeding should be avoided in dry soils because the action of seedbed preparation loosens 

and fkther dries the soil. To compensate for this, seed with a grass seed drill, or seed in 

the fall when moisture levels are usually increased. Early spring or late fall is an ideal 

time for seeding of perennial species. Early spring seeding gives plants time to develop a 

strong root system before the high temperatures and drought of summer. Late fall seeding 

prevents the seeds f h m  germinating before the next spring. Fall germination is 

undesirable because seedlings must be larger with a well developed root system to 

survive a winter (Petroleum Industry Training Service, 1994). 



THE TWO STEP CROP COVER METHOD 

The h t  step in the two step crop cover process is the establishment of an initial cover 

crop which is usually a fast growing annual species, such as a cereal grain. The second 

step is to seed permanent species during an ideal seeding window. This technique is 

appropriate for diflclcult to rewegetate sites such as windy regions or sandy soils. The 

initial annual crop provides temporary erosion control and provides a grown-in-place 

mulch to aid the permanent crops seed establishment. Fall rye and winter wheat sown for 

spring germination should be incorporated into the soil prior to maturity, avoiding 

competition in subsequent years for perennial species. Likewise, spring cereals sown in 

summer and fall do not have long enough growing seasons to mahue seeds, again 

reducing competition (Alberta Agriculture, 1985). 

PLANT SPECIES SELECTION 

Highly aggressive species that will out-compete others in a mix should be avoided. One 

should include at least one legume for both diversity and the associated benefits of 

nitrogen fixation that legumes provide. A list of suitable plant species in found in chapter 

five, table 5.5. 



In general, plant growth is reduced for all types of plant species 
as the EC or salinity of the soil increases. Halophytes or "salt 
tolerant" species will also only withstand salt increases to a 
certain point beyond which they wiU also experience reduced 
growth or die. 

Figure 7.5: Species S e l d o m  For Various Salinity Leveb 
Source: Knapik and Walker, 1995 



EROSION CONTROL 

A spill caa increase the potential erosion on a site considerably. If vegetation has been 

killed by the spill, the bare, exposed ground will be easily eroded, Eroded soil will fbrther 

deter any funher plant seedling growth. Salt water spilis close off the pore spaces, due to 

soil particle alignment, causing water repellency which increases the erosion hazards by 

reducing the infiltration rate of water into the soil. The salt can create hard, impermeable 

soil masses because of the dispersion factor and the pancaking of the soil particles. This 

does not allow water to infiltrate into the soil protile and as a result the water is repelled 

away fiom the soil profile and pools on the surface or runs off to areas of lower slope, 

creating ruts and gullies which can eventually get larger (Petroleum Industry Tmining 

Senice, 1 994). 

Diversion berms (diversion ditches, moss ditches, water bars, wales, interceptor ditches) 

are shallow ditches or berms that channel runoff water across a slope at a speed that does 

not cause erosion. A diversion berm above a site prevents surface water fiom entering the 

spill area, while a ditch below stops runoff h m  leaving the site. The down slope 

gradients of berms are critical (5 to 7 degrees) and should be accurately measured or 

sighted with an instrument (Petroleum Industry Training Service, 1994). 



EROSION CONTROL METHODS 

A. VERTICAL DRAINS 

Vertical drains (flumes, letdown structures, check dams) are structures that channel 

water b g h t  down slope. When the water capacity is heavy or the reclamation area is 

steep, the drainage system may require a channel lining to further prevent erosion. 

Options include an open culvert, rnanufactllred roll-out mulch, cable concrete, riprap 

(gravel and rock configurations) or straw mulch. Check dams of straw bales, crushed rock 

or manufactured products are further options for faster flowing high volume water 

drainage sites (Petroleum Industry Training Service, 1994). 

B. FILTER FENCES 

Filter fences are made of non-woven, higbly porous filter fabric. They are commonly 

placed at the top of a slope, below the spill area or in h n t  of nahual water bodies such as 

a rives, creeks or ponds. The height of these fences should be a minimum 500 mm with a 

width which is capable of intercepting all  ruwff materials h m  the spill. The filter fence 

should be aligned along the slope contour and must be maintained after each rainfall. 
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These fences are removed when the revegetation process is complete (Petroleum Industry 

Training Service, 1994). 

Brush mulching is an erosion control technique for forested areas that uses tree stems and 

branches. The brush should be of small diameter and laid at right angles to the slope. A 

good contact between the brush mulch and the ground is necessary for effective control. 

Typically the branches are placed two to 10 rn apart depending on slope incline. The site 

should be revegetated promptly after the placement of the control measure (hues, 1978). 

Straw mulch should be applied by machine or hand-spread onto the soil d i e ,  and can 

be a very effective erosion control technique. The straw should be obtained only fiom 

clean fields which are fnt of weeds. Application should be four to six tma which is 

typically enough to provide 80 % ground coverage (Bornson, pen. comm., 1995). 

The straw mulch should be anchored in wind or water exposed areas as well as on steep 

slopes. The straw stem should be pushed into the soil to fom rows of "whisker dams" 

aligned at right angles to the slope using a straw crimping device. Chemical tacifiers such 

as glues and organic gums can be used to anchor the straw mulch and can be applied 



166 
easily with a straw blower or a hydroSeedefSeedef Hydroseeding wood fibs mulch at one t/ba 

works equally as well as chemical tacifiers for anchoring (Petroleum Industry Training 

Service, 1994). 

Straw bale check dams provide temporary control fiom one month to two years. Square 

cereal grain straw bales (1 m x 0.5 m x 0.5 m) should be used. In agricultural areas, these 

straw bales can be obtained h m  adjacent f d a n d ,  minimizing the introduction of 

weeds. The bales should be aligned along the contour of the slope to create a central 

spillway. Frequently, they are anchored with wooden stakes, using at least three stakes per 

bale. A tight or snug contact between the bales must be maintained, however, not mug 

enough to restrict the slow percolation of water (Borreson, pers. comm., 1995). 

Organic mulch mats are manufactured roll-out products which control erosion by 

shielding the soil surface fhm the impact of raindrops. They are convenient to install, but 

expensive in terms of labour costs and materials, and as such are rarely used by most 

medium to small size oil companies (Currie, G., pers. corn., 1995). 



RECLAMATION OPTIONS, PR-URES AM) CONCLUSIONS 

KEY TOPICS DISCUSSED 

rt Reclamation options 

+: Summaries of reclamation options 

- Initial response to a spill 

- Spill site assessment form 

- Generalized cultivated lands spill remediation plan 

- Generalized forested soil spill process chart 

- Detailed forested soil spill remediation plan 

- Manual synthesis flow chart 

* Conclusions 



RECLAMATION OPTIONS 

Reclamation options can be placed into two main categories: chemical and physical 

techniques. O h  these techniques are inter-related and ere meant to be applied in 

conjunction with o w  another. Some techniques are applicable to any kind of spill while 

others are substance and severity specific. 

Spill site assessment is not only an important step in the design and implementation of 

any rehabilitation program, but hquently, it is the key for determining the most coa 

effective reclamation of the damaged site. In most spill situations, the remediation of salt 

damaged soils will require more than one growing season and typically more than one 

remediation technique. A properly conducted assessment will serve as the baseline to 

compare fUaue remediation efforts and analytical data. 

Government agencies and landowners require that spill sites be remediated back to an 

equivalent land capability. The Alberta Environmental Protection and Enhancement Act 

(Alberta Environmental Protection, 1993), Conservation and Reclamation Section defines 

"equivalent land capability" as the ability of the land to support various land uses after 

conservation and reclamation similar to the ability that existed prior to an activity being 

conducted on the land, but the individual land uses will not necessarily be identical. Land 
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capabilify involves an assessment and evaluation of both the chemical and physical 

c-cs of a site and the detetmination of conditions that are the result of 

alterations or management practices prior to the development 

Reclamation is a broad, catch-aU term used to describe all the activities involved in the 

restoration of a disturbed site. The objective is to reclaim the disturbed areas to a state 

consistent with the potential use of the area. For example, within the Green Area, 

(forested public lands), the land nonnally is reclaimed to a condition which will allow a 

self-wtahbg vegetative cover, which stabilizes the soil and eventually produces forest 

growth. In this example, the potential use of the area was forest. In the White Area, 

(agricultural land), the land normally is reclaimed to permit use either for livestock 

granhg or for crop production (Petroleum Industry Training Service, 1994). 

Remediation involves three specific terms: reclamation, restoration and rehabilitation. 

Reclamation is the process of retumiag disturbed land to its former or other productive 

uses. It must ensure stability, non-hazardous conditions, good drainage and equivalent 

land capability- Restoration is the process of returning site conditions to exactly what they 

were before a disturbance occurred. This is both more expensive and time consuming. 

Further, the exact conditions often c a ~ o t  be met. Rehabilitation states that the land is to 
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be returned to a form and productivity conforming to the prior land use. This usually 

applies to small sites (Knapik and Walker, 1995). 

It is important to remember that much of the reclamation stemming fkom a spill is due to 

initial inadequate cleanup of the spilled substance. In most cases within the petroleum 

industry, different departments will be involved with the clean-up and reclamation 

phases, therefore it is important to collect as much information about the spill cleanup as 

possible. Most of this iaformation can be obtained h m  the spill report form, initial 

sketch and by communicating with the spill response team (Petroleum Industry Training 

Service, 1994). With salt spills it is more beneficial to assume the reclamation approach, 

returning the site to an equivatent capability as those areas surrounding it. 

According to Clurie (1994 to 1997, personal experience handling clean-up, recovery and 

reclamation of salt spills with various environmental consulting and oil companies), 

several variations exist in the initial treatment of a salt spill. There are, however, some 

common guidelines one should follow. 



They are: 

1. Historical, biophysical and spill data gathering 

2. Site visitation 

3. Soil sampling 

4. Analysis 

5. Remediation 

There is a great deal of essentid general information that is required fbm a site 

assessment that assists in the creation of a remediation plan for any given salt spill. The 

length of time a spill remained on site before it was detected is essential. This will allow 

assessment of the possible depth of the salt seepage. The initial amount of the spill and 

how much was recovered will enable a reclamation team to develop an estimate of how 

much product could be remaining in the soil, possibly be seeping vertically into the lower 

depths or ground water systems, or seeping horizontally into nearby ponds, rivers, 

watering holes, etc.. The length of time taken for clean-up of the spill and the method 

used will firtther add information to a reclamation assessment of how much 

contamination is on site. With all this information, an estimate can be made on the 

potential extent of contamination, and the best reclamation plan for each specific site can 

then be devised, 



A specific site history pertahhg to any previous spills on the site, the initid cause of the 

spill, the effectiveness of its restoration and previous additions of soil amendments or 

possible flushing after the spill is essential background i n f o d o n  that wiU allow 

productive estimates of the soil stnrture on site. With older sites, procedures can be 

compared with amendments and growth rates. Air photos are also invaluable for assessing 

pre spill site conditions. Unfortunately, with some spills, site histories cannot be 

established due to misplaced or improperly recorded data. In instances like these, every 

current detail about the site is important to note, no matter how trivial it may initially 

appear. Landowner information will allow details about fertilizer application rates, 

cropping cycles, tillage procedures and soil textures to emerge. On older sites, sterilant 

usage could be a M e r  underlying reason for lack of growth problems rather then the 

contaminants alone. 

Biophysical considerations include: 

1.  the site topography; 

2. soil texture; 

3. vegetation cover before, dduring and after the spill; and 

4. seasonal variations occurring throughout the spill time line or life cycle. 
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The contours of the land after site clean-up should be compared to the original contours 

present on the lease. In these circumstances9 a basehe pre-construction assessment of the 

site can prove invaluable for comparison. There may be containment recovery structures 

currently on the site that could hinder or even aid reclamation &chniques¶ such as: 

trenches which promote drainage and transpiration of the soil, dykes which can be 

Wcult to recontour during reclamation, liners used for containment could be leaky and 

inefficient, erosion in the spill area, as well as natural contours hindering both the 

movement of equipment and influencing any d a c e  nmoff of the contaminant, must be 

considered carefidly. 

The primary objective of reclamation is to establish a healthy growth cover which will be 

selfmaintaining. It is paramount that an evaluation of the soil type, texture, chemistry and 

parent material be performed. Detailed sampling and analysis protocols are required to 

evaluate these parameters. Sampling and analysis will generally only take from one day to 

two weeks before results are returned h r n  the labs. This need for a comprehensive soil 

analysis cannot be overstated. Samples of the soil should be taken to a depth of at least 

two meters, because this is the usual rooting depth of most plants that would be affected 

by the spill. Samples of the fke water should also be taken and analyzed. These can then 

be compared to the pre-disturbaace site evaluations taken during the impact or pre-site 

assessment. Con taminaat depth allows an accurate estimation of total contaminated 

volume requiring reclamation. Above ground electromagnetic conductivity surveys are 
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often used to delineate produced water spills under adverse weather conditions such as 

winter access only, or wet muskeg arras. These techniques also are used for large sites or 

spills where accurate delineation of the spill boundaries will reduce the number of 

samples required, thereby, reducing the cost These techniques wil l  also establish the 

location of electrical wiring or pipelines that may hinder reclamation procedures or be 

ruptured by equipment. The drilling of bore holes and installation of piezometers will 

further allow groundwater mon i to~g  of contaminant movement. 

The vegetation cover present on site, could assist in the determination of saline levels. 

Certain plantsy mentioned in chapter five will grow nanrraly under low, moderate and 

high levels of salt contamination. Presence of "indicator speciesy' provides certain clues 

about possible soil salinity levels to a reclamation team. Establishing a vegetation cover 

will assist in the reduction of erosion problems associated with little or no ground cover. 

Any vegetation left after the spill should not be disturbed if possible, as it will allow 

initial ground cover if the reclamation process is hindered for a winter season- Typical 

crop levels of growth can be established by talking with landowners. When older 

vegetation is surviving throughout the contamhated areas, yet there is little or no growth 

of new species, then contamination pmbab1y has only penetrated the upper few 

centimeters. If the seedlings germinate and then die off once the roots begin to penetrate 

into deeper horizons this suggests that the con tamination is seeping vertically through the 

soil horizons. 
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Climetic or seasonal constraints can add problems to assessment. Vegetation assessments 

are diflicult a h  winter die off of plants has occurred. Heavy rainfall can wash through 

the soil profile causing the salt con tamination to disperse deeper or horizontally. Wmter 

spills can become locked in ice and snow, yet will begin to seep and migrate with wanner 

temperatures. In dry areas? additional evapotranspiration problems can fkquently draw 

subdace salts back up to the sllrface, and with rain these can again be forced back 

down. 

Heavy equipment must be seriously considered for reclamation due to the damage it can 

cause tbrough rutting and compaction. During wet periods, heavy equipment can do large 

amounts of  damage to a contaminated, sensitive site by smearing and flattening of the soil 

particles. Damage of this sort can be costly to reclaim latter. 

Diagrams are an integral part of the site visit Drawings should include: spill boundaries 

and dimensions, location of contaminant recovery trenches or dykes, soil and water 

sampling locations and depths, drainage pattern and slope directions, proximity to water 

bodies, vegetation types and conditions on and off site, borehole or bell hole locations 

and potential erosion areas. Numerous pictures also are essential. In addition to diagrams, 

data should be collected pertainiag to the timing, volume and composition of the 

con taminant spiiled. 
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Being adaptable to changes in environmental conditions will ailow the reclamation team 

to establish the most cost-effive, timely plan available. The higher costs, but ease and 

speed of liquid amendments must be balanced to the slower, %heaper" methods of many 

of the less soluble solid calcium amendments. These could also have hidden higher costs 

due to the requirement for large volume water supplements. Certain amendments cannot 

be used near water bodies or where groundwater con tamination can occur. Critical 

wildlife zones must be taken into consideration because certain types of amendments may 

prove detrimental or could alter migration routes or calving areas. 

Reclamation processes can be further exacerbated if the salt spill also contains 

hydrocarbons. Hydrocarbons can be removed either physically using oil absorbers, 

vacuum trucks, sieving techniques or biologically, using micrwrganisms. Initial physical 

oil-removal techniques are necessary, because the high salt concentrations will tend to kill 

the microsrganisms used to biodegrade the oil. The oil must be removed first because it 

will interfere with, and render ineffective, the chemical amendments being applied to 

clean up the salt Once the oil has been removed, the remaining salt problem can then be 

dealt with. 

Site visitation may be the single most important factor in determining the potential for 

site reclamation ability and the methods to be used after a spill. The topography of the 
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area can be a critical f'actor. Level ground poses less of a challenge than low lying areas, 

which will tend to pond easily and quickly. Deep rooting vegetation will assist in 

lowering the water table. Certain plant species are able to reduce the amount of salt 

by their initial uptake after the spill. If chemical composition and volume of the spill are 

known in advance, reclamation procedures can be initiated eariier, with greater chances of 

success. In areas where containing the spill is important, the volume of the watershed is 

important. One can use aerial photography to determine the aerial extent of a subject 

watershed which assists in conducting a risk assessment (Webster, 1975). 

The primary task after a spill has been detected is the containment and recovery of any 

d a c e  salt water. Next, flushing of the affected areas with a dilute solution of calcium 

nitrate or gypsum is preferable, rather than k s h  water (Gulf Canada Resources Ltd., 

1996). Fresh water can cause the soil to disperse, increasing the problem. Leaching of the 

soil should follow, to reduce the soluble salt concentrations, while adding supplements, 

such as calcium carbonate and calcium sulphate to assist in the replacement of sodium 

with calcium within the exchangeable complex (Edwards and Blauel, 1975). 

Having a well drained soil is highly beneficial when reclaiming a salinized soil; sodium 

can elwiate h m  the top of the profile downwards. With good drainage within the soil, 

the sodium chloride can then be transported away h m  the site via drainage systems, such 
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as tiling to a collection point This process can be accomplished on many agricultural 

soils, due to the existence of irrigation systems. Reclamation cannot begin until the water 

table has been dc ient ly  lowered end controlled. Once groundwater has become 

contaminated with the salt, pattems of flow caa be exceedingly hard to establish and 

follow (Webster, 1975). 

SUMMARIES OF RECLAMATION OPTIONS 

INITIAL RESPONSE TO A SPILL 

Complete Spill Assessment Form: 

* Define the spill boundaries 
* Take photographs of the site 

Collect initial soil samples 
* Note surrounding vegetation, soil and topography conditions 

* Assess the need for pundwater studies 
* Document d a c e  water bodies in close proximity 

NOTE: These can be performed while waiting for crew and equipment amvai 

Recover AU Spiaed Substance Possible: 

Vacuum t ~ c k s  for water removal 
* Excavate bell holes, trenches of drainage systems 

* Salvage topsoil before excavation 
In winter even collect contaminated snow 

NOTE: Keep equipment movement on the spill area to a minimum 



Sample Site: 

* collect soil samples 
* take control samples from unaffected areas 

* Create a grid of your sampling points and depths 
* select laboratory d y s i s  required 

Apply Treatment= 

* Apply chemical amendments 
* Perform physical amendments 

NOTE: Amendments were previously discussed 

Sample Site Again: 

* collect further soil samples after treatment 
* take control samples h m  unaffected areas 

* Create a grid of your sampling points and depths 
* select laboratory analysis required 

General: 

* Keep a record of rainfall which could assist in diluting the salt content 
* Organic matter can be assessed at the lab, i f  needed 

manure and fertilizer can be applied 
after the initial spill treatment 

Figure 8.0 I.iti.l Response To A Spill Flow Chart 
Source: Adapted From Petroleum hdustry Training Course, 1984 

To capture much of the on-site information required to make an accurate treatment 

assessment, a Spill Site Assessment Form must be tilled out. An example of a typical 

spill site assessment follows: 











Figure 8.1 Typical Spill Site Assessment Form 
Source: Gulf Canada Resources, 1996 



Figure 8.2: Generrrlized Cultivated Lands Spill Remediation Phn 
Source: Petroleum Industry Training Service, 1994 



RECLAMATION OF HIGH DH SOIL 

Soils with high pH vales tend to have poor moistwe holding capacities, which hinders 

moisture and air reaching the root zone (Shanna and Gupta, 1986). In high pH soils, the 

naturally available calcium carbonate (CaCOj), occurring in lower horizom can assist in 

reclamation, if the solubility of the soil can be increased To increase solubility, one must 

increase the concentration of carbon dioxide and lower the pH of the soil. The calcium 

carbonate then will be changed to calcium bicarbonate, which has a much higher 

solubility. Once this is accomplished, the calcium b m  the calcium bicarbonate will 

assist in the replacement of sodium fiom the cation exchange complex (Sharma and 

Gupta, 1986). 

FOREST RECLAMATION 

Reclamation of salt spills occurs through reduction of the total soluble salts and 

exchangeable sodium. Coniferous forested soils are gewrally more acidic due to the pine 

needles that cover the forest floor. As a dt, the more acidic nature changes the 

naturally occurring calcium carbonate into calcium bicarbonate, resulting in increases in 

the availability of exchangeable calcium ions. Initial flushing of the spill site places the 

calcium into solution where it will more readily exchange with the sodium ions, therefore 
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assisting in fimnt reclamation. Water can be used to flush the spilled fluids towards bell 

holes or ditches and trenches for containment and recovery (GulfCanada Resources Ltd., 

1996). Flushing with calcium sahnated water will increase run-off and minimize 

infiltration, as well as lower the salt concentrations through dilution. This would pvent  

the uptake, by plants, of toxic amounts of chloride (Edwards and Blauel, 1975). The 

addition of calcium supplements will displace the sodium ions and establish acceptable 

ESP ratios. Potassium carbonate and calcium phosphate can also be used, and will 

suppress the uptake of sodium and chloride respectively (Edwards and Blauel, 1975). 

When the salt concentrations have been reduced to 700 parts per million by the flushing 

action, recovery of the water usually can be stopped and soil and plant reclamation 

procedures can begin (Gulf Canada Resources Ltd., 1996). 



Figure 8.3: Generalized Forested Soil Spill Process Chart 
Source: Petroleum Industry Training Service, 1994 



Figure 8.4: Detailed Forested Soil Spill Remediation Plan 
Source: Innes, 1978 



Figure 8.5: Manual Synthesis mow Chart) 
Source: Adapted From The Whole Thesis Manual 



CONCLUSIONS 

In general, no definitive conclusions can be made regarding the best method for salt spill 

clean up. Each site must be dealt with separately due to differences ia history, soil type, 

topography and vegetation cover. Further, the mahod which may be the most effective or 

efficient may not be appropriate h m  the petroleum company's view-point due to higher 

cost of materials or length of time required for clean up. Rarely do regulatory agencies 

specify time periods or methodologies for clean-up. These decisions are left to the 

discretion of the oil company. The amount of the applications of the product required will 

depend on the severity of con tarnination and length of time the contamination has been on 

the site. The concentration of soluble salts in a soil profile will determine the amount of 

remediation required; less contamhation usually requires minimal intervention. The age 

of the spill site will also be a determining factor in the amount and type of remediation 

required. Older spills generally have more associated problems, such as vegetation, soil 

structure, and lateral subdace  distribution off site. If the site is owned by the company, 

and will be for several years, the need to clean up the salt spill quickly will be reduced. If 

the site is ready for a certificate of reclamation and will be tuned back to the owner 

sooner, then the spill will have to be addressed in a more timely manner, regardless of 

costs. Each site must be dealt with as a separate entity with its own unique characteristics 

for reclamation. This manual addressed many options available to potential reclamation 

specialists to guide them in their decision making process. 
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SOU CONVERSION FORMUtAS AND FACTORS 

Source: Chemex Labs Alberta Ltd., 1995 

ppm = mgR. = ug/g = @tonne 

ppm x 2 = lblac (assuming 1 acre of soil 6" deep weighs 2 x lo6 lb) 

ppm 1 10,000 = % 

milli-equivalent weights (meg-wt) 

Calcium = 20 mg 

Sodium = 23 mg 

Magnesium = 12.2 mg 

Potassium = 39.1 mg 

Chloride = 35.5 mg 

Sulfate = 48 mg 

Bicarbonate = 61 mg 



Carbonate = 30 mg 

ppm / meg-wt = meq/L 

EC (dS/m) - 10 x (Ca + M g  + Na + K in m a )  




