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ABSTRACT 

Due to population growth, construction and periodic drought, water has become 

a precious conunodity, especially for areas in the state that receive very little rainfall. One 

way to reduce the demand for drinking water is to substitute non-drinking quality water 

in construction applications. Primary benefits of this approach include: reducing the 

demand for the drinking quaUty water; reducing construction costs, and decreasing 

construction delays if water rationing is imposed on drinking water supplies. 

The objective of this project was to identify usable altemative water sources for 

construction applications. To achieve this objective, altemative water supplies were 

identified and characterized for quality, availability, and price. Additionally, each 

proposed water source was evaluated to determine if there are any adverse health 

concems or environmental impact fi"om its reuse. Potential impact from the use of low 

quaUty water on constractability, material behavior and performance were also evaluated. 

The primary product of this research was a decision matrix that allows TXDOT 

engineers to evaluate an alternate water source (e.g., reclaimed water and brine water) for 

constmction applications like dust control and compaction in various soil types. In 

addition, readily accessible computer database that TxDOT engineers can use to 

determine allowable applications of each identified water source as well as information 

conceming location and contact information for each source was developed. 
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CHAPTER I 

INTRODUCTION 

Due to large population growth and increased constmction activity, the demand for 

water has increased the need to use altemate water sources for non-potable uses. Since the 

need for drinking water is increasing and its supply decreasing, it is pradent that Texas 

Department of Transportation (TxDOT) reuse water for projects that does not require high 

quality water. Altemate sources of water are considered as a substitute to quality drinking 

water in constmction applications to reduce the cost of constmction works and to conserve 

quality water. The altemate sources of water considered are: wastewater firom wastewater 

treatment plants, brine water firom oil wells, surface and groundwater that do not meet the 

drinking water quality standards, and ocean water. 

The Texas Department of Transportation (TxDOT) requires large quantities of 

water for road constmction projects for such purposes as dust control, erosion control, 

preparing sub base for highways, and rinsing constmction equipment. For these types of 

constmction, the use of quality drinking water may become cost prohibitive in the future. 

TxDOT needs altemate sources of water in order to reduce the future cost of constmction 

appHcations and to reduce the delays in constmction works in case of drought or water 

rationing. However, the environmental and health impacts of altemate water sources and 

the effects on constmctablity need more investigation. 



TxDOT has taken a new look at the ever-decreasing supply of quality drinking 

water and increased availability of altemate water. Altemate water sources like wastewater 

and brine water are two major sources of water whose supply increases with increases in 

population and development. The benefits of using altemate water sources like 

wastewater and brine water include: the possible reduction of cost in constmction works, 

decreasing constmction delays if water rationing is imposed on drinking water sources, 

and conservation of high quality drinking water for human consumption. AUemate water 

sources are an untapped resource and when used saves the cost of disposal of these low 

quality water resources like brine water. 

The various issues addressed by this research project are the effect of altemate 

water on constmction materials, legal issues addressing the use of altemate water in Texas, 

safety and health concems of workers and the public, and the impact on the environment 

by the use of low quality altemate sources of water. In order to understand the implications 

of using the altemate water sources, the quality ofthe proposed water sources is analyzed 

to assess their suitability for constmction applications by comparing the parameters with 

the threshold values obtained fi-om laboratory tests. 

The quality or chemical composition of altemate water may affect the physical, 

chemical, and aesthetic properties of constmction materials and may even lead to the 

failure of stmctures. For example, the constituents found in altemate water may cause 

physical changes in the soil through a variety of processes like cation exchange, 

precipitation, and dissolution. These changes may have short-term or long-term effects on 

soil properties. The properties of soil that are commonly affected by water quality are soil 



pH, shrinkage, unconfmed compression strength, durabiUty, and erodability. Corrosion of 

constmction materials may lead to loss of strength ofthe material, thereby leading to 

failure of stmctures. 

Various laws and regulations govern the use of altemate water sources. The 

Environmental Protection Agency (EPA) or Texas Commission for Environmental Quality 

(TCEQ) enforces these laws. Both the provider and the user must obtain permits fi-om 

respective agencies to use the wastewater or brine water. The right of use for surface 

water, groundwater, and ocean water must be obtained fi-om the agency or organization in 

charge of that water source. Legal issues discussed in this report include regulations for 

reuse, discharge, permitting, and health & safety aspects. 

Discharge of an altemate water source into a natural water body or land must be 

monitored. The quality of an altemate water source often is not as high as some ofthe 

pristine or higher quality water resources that exist, which may affect the environment and 

the use of that water. Texas Commission for Environmental Quality (TCEQ) sets the water 

quality standards ofthe water discharged in the State of Texas. The quality of water 

entering the environment has been regulated and monitored since the enactment ofthe 

Clean Water Act and the Safe Drinking Water Act (1974). The discharge ofthe various 

sources of altemate water into the environment may lead to the pollution of surface water, 

leaching into groimd water, or into topsoil thus reducing the value ofthe site. If the runoff 

degrades neighboring lands, it may lead to general degradation ofthe area and potential 

lawsuits. 



Workers exposed to altemate water sources must be protected fi-om the water and 

must be educated about the risks involved while working with the various altemate water 

sources. The EPA, TCEQ, and Worid Health Organization (WHO) have set guidelines 

about the quality of water and protection equipments for workers. The safety regulations 

concemed with the exposed public (non workers) are more stringent and the pubUc must 

not be exposed. 

The main objective of this research is to perform a literatiu-e review to identify 

potential altemate water sources, to establish water quality of altemate water sources fi-om 

existing data, to review apphcable regulations for use of these water sources, to identify 

the effects of water quality on constmctablity, environmental impacts, and health and 

safety concems and to identify the gaps in the technology or the understanding ofthe 

problem and to identify the gaps in available data, which can be filled during the next 

phase ofthe project. The primary product of this research is a decision matrix that allows 

TxDOT to evaluate given water source for constmction apphcations including: dust 

contiol, irrigation, erosion control, and stabilization and compaction for road base and 

embankments. The decision matrix includes the interactions of these altemate waters with 

the major soil types used by TxDOT and gives threshold values of critical water quality 

parameters for each combination of soil and constmction application. The decision matrix 

allows the flexibility to evaluate new water sources that may become available. The 

secondary product of this project is a readily accessible computer database that TxDOT 

engineers or other contractors can use to search for water sources. The database can be 

queried based on location (e.g., county, TxDOT districts, etc.), type of water (e.g., 



wastewater, surface water and brine water) and constmction application (e.g., dust control, 

irrigation, etc.) for which the water is required. The database gives the address location, 

contact information, and known quality parameters ofthe water. 



CHAPTER II 

LITERATURE REVIEW 

The purpose of this literature review is to identify the quality of altemate water 

sources and the effect of these altemate water resources on constmctability and 

performance of road constmction materials. Another important objective ofthe literature 

review is to identify all federal and state regulations and permits conceming reuse of 

reclaimed water, brine water, human exposure to altemate water sources, and 

environmental impact caused by using altemate water. 

2.1 Constmction Apphcations 

The major constmction applications for which the use of altemate water sources 

are considered are dust control, erosion control, irrigation, compaction, and stabilization of 

road bases and sub bases. These are the applications where the use of altemate water 

would be less detrimental or even beneficial. 

2.1.1 Dust Control 

Dust control is the process of sprinkling water over road surfaces or other surfaces 

where there are loose particles that may be eroded by wind. Water must be sprinkled in a 

uniform and controlled rate. Specification for this item is governed by TxDOT 

specification Item 204, sprinkling for subbase and base courses (TxDOT Standard 

Specification, 1993). Sprinkhng equipment with positive and rapidly working cut-off 

valves and approved spray bars, which will insure the distribution of water in a uniform 



and controllable rate of apphcation, must be used for the dust control operation. The 

contiractor must fumish and operate the sprinkling material and water for dust contirol. 

Although current specifications do not address water quality issues, the altemate water 

source must be approved by TxDOT before it is used for dust control. 

2.1.2 Compaction 

Soil compaction is the process of increasing the density and strength of soil by 

packing the particles closer together and by expelling air fi-om soil. Soil water acts as a 

lubricant increasing compaction when a load is imposed on the soil. The maximum 

density ofthe compacted soil as obtained at particular water content (optimum moisture 

content). Water is added to soil to bring the water content to optimum moisture content. 

Compaction is done during stabilization of road base layers, embankments, and backfill of 

retaining walls. Soils with a wide range of soil particle sizes (e.g., fine sandy loam) are 

generally more compactable than soils of uniform particle size (e.g., sand). The finer soil 

particles easily fill the large pores formed by the coarse particle firaction in a poorly sorted 

soil producing a denser soil. 

Soil compaction can be done by Flat Wheel Rolling (Item 210), Tamping (Item 

211), Heavy Tamping (Item 212), Pneumatic Tire Rolling (Item 213), Heavy Pneumatic 

Tire Rolling (Item 214), Grid Rolling (Item 215), Proof RoUing (Item 216), and Vibratory 

Rolling (Item 217). These TxDOT specifications govern the compaction of embankments, 

flexible bases, surface treatments, or subgrades as the case may be. Each of these items 

may suit particular application and must be chosen by the contractor and approved by 



TxDOT engineer. The contractor must provide compaction equipment and water. The 

altemate source of water must be approved by TxDOT before it can be used. 

2.1.3 Irrigation/Erosion Contiol 

Irrigation, as considered in this project, is the application of water through an 

aboveground system to promote and sustain growth of grass and other plants along the 

highway or other right of ways (Item 168). Erosion contiol as considered here is by the 

process of seeding or sodding. 

Sodding is the process where live grass (e.g., Bermudagrass, St. Augustine grass) is 

planted at locations where erosion contiol is required (Item 162). The sod must consist of 

live growing grass with healthy virile root system of at least one inch thick throughout the 

soil ofthe sod. Native soil must be retained during excavation and transportation of sod 

and the sod material must always be kept moist. Seeding is the process for preparing 

ground, sowing seeds, mulching with straw, hay, or other cellulose fibers, and irrigation on 

areas where erosion control is required (Item 164). The seeds and other equipments must 

comply with the TxDOT specifications and the TxDOT must approve the altemate water 

source for sodding, seeding, and irrigation. 

2.1.4 Stabilization 

Stabilization is the process of changing the soils or aggregates by blenduig 

materials (e.g., lime or cement) that increase the load bearing capacity, fimmess and 

resistance to weather, erosion or displacement. Stabilization is done for preparing road 



bases, subbases, sub grade, and embankments. The type of stabiHzation is chosen based on 

soil type, plasticity index, particle size distribution, climate, and drainage. 

Cement stabilization refers to stabilizing soils with Portland cement. Cement 

stabilization govems the tieatment of subgrade, new/existing base or combinations by 

addition of Portland cement and for road mixing and compaction of treated material to a 

required density (Item 275). The cement reacts with the water in the soil to form 

cementitious material. Portland cement can be used to stabihze a wide range of materials, 

as these reactions are almost independent ofthe nature of soil. Common types of cement 

stabilized soils are soil-cement, which contains more than 3 percent of cement or cement-

modified soil, which is an unhardened or semi hardened mixture of soil, water, and small 

quantities of cement. Cement stabilization is most effective with coarse-grained soil, but 

fine-grained soil with low to medium plasticity can also be stabilized. If the plasticity 

index exceeds about 30, cement becomes difficult to mix with soil and uneconomical to 

use (Hicks, 2002). 

Lime stabilization refers to stabilizing soils with hydrated lime or quicklime. Lime 

StabiHzation govems the treatment of new or existing subgrade, existing pavement 

stmcture or combinations thereof to be used as subgrade by pulverizing, adding lime, 

mixing, and compacting the tieated material to the required density (Item 260). Lime is an 

effective additive for plastic soils, improving both workability and strength. It is not 

effective in cohesionless or low cohesion materials. Lime stabilization is usually slower 

than cement stabihzation in rate of strength gain. Presence of sulfate in water causes 

swelling and heaving of stabilized soil causing the pavement or embankment to fail. 



2.2 Soils 

Soils are classified based on their parent material, texture, stmcture, and profile. 

Parent material is what the soil was made from, usually mostly inorganic rocks, so a soil 

that has <20% organic matter (O.M.) is a mineral soil while one with >20% O.M. is an 

organic soil (peat or muck) (Stevens et al., 2000). The soil types considered in this 

research are all inorganic soils. Texture refers to the proportion of sand, silt, and clay in 

the soil; sandy soils are called light or coarse-textured, whereas clay soils are called heavy 

or fine-textured. Clay tends to increase the water-holding capacity ofthe soil. Loamy soils 

have a balanced sand, silt, and clay composition and are thus superior for plant growth. 

Stmcture refers to the aggregation of soil particles into platy, prismatic, blocky, spherical, 

or crumb like clods. The major soil classifications considered in this research are Unified 

Soil Classification System (USCS) and American Association of State Highway and 

Transportation Officials classification (AASHTO). 

2.2.1 Unified Soil Classification System 

The Unified Soil Classification System (USCS) is based on identifying soils 

according to their textural and plasticity qualities and on their grouping with respect to 

behavior (Army Field Manual, 2001). Soils seldom exist in nature separately as sand, 

gravel, or any other single component. They are usually found as mixtures with varying 

proportions of particles of different sizes; each component part contributes its 

characteristics to the soil mixture. The USCS is based on those characteristics ofthe soil 

that indicate how it will behave as an engineering constmction material. The following 
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properties have been found most useful for this purpose and form the basis of soil 

identification: Percentages of gravel, sand, and fines (fraction passing the No. 200 sieve), 

shape ofthe grain-size-distribution curve, plasticity and compressibihty characteristics. 

They can be determined by simple tests and, with experience, can be estimated with some 

accuracy. In the USCS, the soil is given a descriptive name and a letter symbol indicating 

its principal characteristics. Table 2.1 lists the major divisions, group symbols, and group 

names of soil in USCS classification. 

Table 2.1 Unified Soil Classification System. 

MAJOR DIVISIONS 

Coarse grained 
soils 

More than 50% 
retained on 

no.200 sieve 

Fine grained soils 
More than 50% 
passes no.200 

sieve 

Gravel 
More than 50% of 

coarse fraction 
retained on no.4 

sieve 

Sand 
More than 50% of 

coarse fraction 
passes no.4 sieve 

Silt and clay 
Liquid limit less 

than 50 

Sih and clay 
Liquid limit 50 or 

more 

CLEAN 
GRAVEL 

GRAVEL WITH 
FINES 

CLEAN SAND 

SAND WITH 
FINES 

INORGANIC 

ORGANIC 

INORGANIC 

ORGANIC 

Highly organic soils 

GROUP 
SYMBOL 

GW 

GP 

GM 

GC 

SW 

SP 

SM 

SC 

ML 

CL 

OL 

MH 

CH 

OH 

PT 

GROUP NAME 

Well-graded gravel, fine to coarse 
gravel 

Poorly-graded gravel 

Silty gravel 

Clayey gravel 

Well-graded sand, fine to coarse 
sand 

Poorly-graded sand 

Silty sand 

Clayey sand 

Silt 

Clay 

Organic silt, organic clay 

Silt of high plasticity, elastic silt 

Clay of high plasticity, fat clay 

Organic clay, organic silt 

Peat 

American Society for Testing and Materials, 1985. 

The major soil types commonly found in Texas are inorganic clay of high plasticity 

(CH), inorganic clay with low to medium plasticity (CL), inorganic silts and very fine 
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sands; silty or clayey fine sands; clayey sihs with sUght plasticity (ML), silty sands(SM), 

and clayey sands (SC). 

2.2.1.1 CH and CL Groups 

In these groups, the symbol C stands for clay, with L and H denoting low or high 

liquid limit (LL). These soils are primarily inorganic clays. Low-plasticity clays are 

classified as CL and are usually lean, sandy, or silty clays. The medium and high plasticity 

clays are classified as CH. These include the fat clays, gumbo clays, certain volcanic clays, 

and bentonite. 

2.2.1.2 ML Group 

Typical soils ofthe ML group are inorganic silts. The soils in ML group have an 

LL less than 50. The ML group includes very fine sands; rock flours (rock dust); and silty 

or clayey, fine sands or clayey silts with slight plasticity. Loess-type soils usually fall into 

this group. Micaceous and diatomaceous may extend into the ML group when their Uquid 

limits are less than 50. This is tme of certain types of kaolin clays that have relatively low 

plasticity. 

2.2.1.3 SM and SC Groups 

The SM group comprises silty (M) sands with fines (more than 12 percent passing 

the No. 200 sieve) having low or no plasticity. For this group, the plasticity index (PI) will 

be less than 4. Both well-graded and poorly graded materials are included in this group. 

Normally these soils have little to no dry strength, but occasionally the fine or binder 
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materials will contain a natural cementing agent that will increase dry strength. The SC 

group includes sandy soils with fines (more than 12 percent passing the No. 200 sieve) that 

are more clay-like and that range in plasticity from low to high. For this group the PI is 

greater than 7. 

2.2.2 Clay Mineralogy 

The term "clay" is applied to materials having a particle size of less than 2 

micrometers (25,400 micrometers = 1 inch) (Velde, 1995). Clay minerals have a wide 

range of particle sizes from lO's of angstroms to millimeters. Thus, clays maybe 

composed of mixtures of finer grained clay minerals and clay-sized crystals of other 

minerals such as quartz, carbonate, and metal oxides. Clays and clay minerals are found 

mainly on or near the surface ofthe Earth. The clay minerals are classified into three major 

groups: The Kaolinite Group, the Montmorillonite/Smectite Group, and the Dlite (or the 

Clay-mica) Group. 

2.2.2.1 The Kaolinite Group 

The kaolinite group has three members (kaolinite, dickite and nacrite) and a 

formula of Al2Si205(OH)4 (Amethyst Galleries Inc.,1996). The different minerals have the 

same chemistry but different stmctures (polymorph). The general stmcture ofthe kaolinite 

group is composed of silicate sheets (Si205) bonded to aluminum oxide/hydroxide layers 

(Al2(OH)4) called gibbsite layers. The silicate and gibbsite layers are tightly bonded 

together with only weak bonding existing between the silicate-gibbsite paired layers. 
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Kaolinite is the least dispersive of all clay minerals as it is tightly bonded. Kaolinite is by 

far the most common and most clay deposits contain at least some kaolinite. 

2.2.2.2 The Montmorillonite/Smectite Group 

This group is composed of several minerals including pyrophyllite, talc, 

vermiculite, sauconite, saponite, nontronite and montmorillonite (Amethyst Galleries 

Inc., 1996), They differ mostly in chemical content. The general formula is Hydrated 

Sodium Calcium Aluminum Magnesium Silicate Hydroxide ((Ca, Na, H)(A1, Mg, Fe, 

Zn)2(Si, Al)40io(OH)2 - XH2O), where x represents the variable amount of water that 

members of this group could contain. Talc's formula, for example, is Mg3Si40io(OH)2. The 

gibbsite layers ofthe kaolinite group can be replaced in this group by a similar layer that is 

analogous to the oxide bmcite, (Mg2(OH)4). The stmcture of this group is composed of 

silicate (s) layers sandwiching a gibbsite (g) or bmcite layer in between, in an s-g-s 

stacking sequence. The variable amounts of water molecules would lie between the s-g-s 

sandwiches. It typically forms microscopic or at least very small platy micaceous crystals. 

The water content is variable, and in fact, when the crystals absorb water they tend to swell 

to several times their original volume. This may cause stmctural damage to roads, 

embankments, and other stmctures built on soil with high montmorillonite content. 

2.2.2.3 The Illite Group 

The mineral illite is the only common mineral represented in this group (Amethyst 

Galleries Inc., 1996). However, it is a significant rock-forming mineral being a main 
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component of shales and other argillaceous rocks. The general formula is (K, H)Al2(Si, 

Al)40io(OH)2 - XH2O, where x represents the variable amount of water that this group 

could contain. The stinicture of this group is similar to the montmorillonite group with 

siUcate layers sandwiching a gibbsite-like layer in between, in an s-g-s stacking sequence. 

The variable amounts of water molecules would he between the s-g-s sandwiches as well 

as the potassiiun ions. The water content is variable, and in fact, when the crystals absorb 

water they tend to swell to several times their original volume. This may cause stmctural 

damage to roads, embankments, and other stmctures built on soil with high illite content. 

The process by which some clay minerals swell when they take up water is 

reversible. Swelling clay expands or contracts in response to changes in environmental 

factors (wet and dry conditions, temperature). Hydration and dehydration can vary the 

thickness ofa single clay particle by almost 100 percent (for example, a lOA-thick clay 

mineral can expand to 19.5 A in water (Velde, 1995). Houses, offices, roads, and factories 

built on soils containing swelling clays may be subject to stmctural damage caused by 

seasonal swelling ofthe clay portion ofthe soil. 

2.3 Altemate Water Sources 

Altemate sources of water are sources that are not suitable for municipal uses 

(e.g.,, drinking, washing and recreational purposes). These water sources are of lower 

quality than typical potable sources. Water sources considered as altemate water sources 

are reclaimed water, brine water, ocean water, and impaired surface and ground waters. 

These water soiurces may be suitable for constmction applications like dust contiol, 
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erosion contiol, constmction of road base, pavements and embankments. The different 

criteria considered for using these altemate water sources are the water quality parameters, 

regulations for use and discharge, permits available, and the constmction application for 

which the water is used. 

2.3.1 Reclaimed Water 

Wastewater or reclaimed water is the treated effluent from municipal wastewater 

treatinent plants. The quality and quantity of wastewater available can be obtained from 

wastewater treatment plants. Treated wastewater can be potentially used for irrigation, dust 

control, erosion contiol, rinsing of equipments, and preparation of base layers in highway 

constmction and other such apphcations (30 TAC 210). 

2.3.1.1 WaterQuality 

The important water quality parameters for municipal wastewater includes: 

organic matter (BOD), disease causing pathogens (fecal coliforms, etc.), nutrients 

(nitiogen and phosphorous compounds), toxic contaminants (metals, and organic 

compounds), suspended solids, and dissolved minerals (salts). The effect of these 

parameters on health and performance will depend on the degree of tieatment and the 

quality ofthe original water source. The general composition of secondary tieated 

wastewater effluent and corresponding drinking water standards are shown in Table 2.2. 

Total dissolved solids (TDS), sodium (Na^), potassium (K"^, calcium (Ca^^), and 

magnesium (Mg"̂ )̂ affect the physical and chemical properties of constmction materials 
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while total suspended soUds (TSS), biochemical oxygen demand (BOD), chemical oxygen 

demand (COD), nitrogen (N), phosphorous (P), and chlorides (CI) affect the environment 

and health ofthe humans and other organisms exposed. 

Reclaimed water is classified as either type I or type II by Texas Natural Resources 

Conservation Commission (TCEQ) depending on the extent of treatment and the quality of 

the effluent water. Type I water can be used in locations where the general pubUc is 

exposed as it has more stringent regulations for water quality parameters while type II 

water cannot be used in places where the general public is exposed. The regulated water 

quality parameters for type I water are difficult to attain and this type of water is less 

common than type II water. Type II water is more economical as it is cheaper to treat to 

type II standards and can be used for constmction applications where the public is not 

exposed. Table 2.3 and Table 2.4 list the required water quality criteria for type I and type 

n water respectively. 
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Table 2.2 Composition of Secondary Treated Municipal Wastewater Effluents. 

PARAMETERS 

Total Solids 
Total Dissolved Solids 
PH 
BOD 
COD 
Sodium 
Potassium 
Calcium 
Magnesium 
Total Nitiogen 
Ammonium nitrogen 
Nitiate Nitiogen 
Total Phosphorous 
Chloride 

RANGE 

Ppm 

Unavailable 
200-1300 
6.8-7.7 
2-50 
25-100 
50-400 
10-30 
25-100 
10-50 
10-30 
0.1-25 
1-20 
5-40 
50-500 

TYPICAL 

ppm 

425 
400 
7.0 
20 
70 
100 
15 
50 
20 
20 
10 
8 
10 
75 

DRINKING 
WATER 
STANDARDS 
ppm 

<1000 
8.0 

<40 (CaCOa) 
<10 
0 
<10 

<300 

Adapted from Asano et al. (1984), Treweek (1985), TCEQ 

Table 2.3 Water Quality Standards for Type I Reclaimed Water. 

PARAMETERS THRESHOLD 

BOD5 or CBOD5 (not to exceed) 

Turbidity (not to exceed) 

Fecal coliform geometric mean (not to 
exceed) 
Fecal coliform single grab (not to exceed) 
Nematode eggs 

5mg/l 

3NTU 

20 CFU/100 ml 

75CFU/100ml 
<1 egg/100 ml 
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Table 2.4. The Water Quality Standards for Type II Reclaimed Water. 

PARAMETERS THRESHOLD 

BOD5 30 mg/1 

CBOD5 15 mg/1 

Fecal coliform geometric mean (not to 200 CFU/100 ml 
exceed) 
Fecal coliform single grab (not to exceed) 800 CFU/100 ml 

Nematode eggs <1 egg/100 ml 

2.3.1.2 Workers and Public Safety 

One ofthe major criticisms for reuse of altemate water source is the health and 

safety concem ofthe exposed workers and public. Workers, who are directly exposed to 

altemate water sources, are to be educated and informed ofthe risks and suitable 

protection must be made available to them. As far as possible, the public must not be 

exposed to altemate water sources. 

Reclaimed water or wastewater is the altemate water source with the most health 

and safety concems. Type I reclaimed water does not cause any health concems. Type II 

reclaimed water reused for irrigation, dust contiol, erosion contiol, preparation of base 

layers for highways, embankments and other similar apphcations may expose the workers 

to the water and can affect the health ofthe workers (30 TAC 210.32). The presence of 

toxic chemicals and pathogenic microorganisms in wastewater creates the potential for 

adverse health effects where there is contact, inhalation, or ingestion ofthe chemical or 

microbiological constituents of health concem. 

Aerosols are particles less than 50 um in diameter that are suspended m air. Vimses 

and most pathogenic bacteria are in the respirable size range; hence, a potential means of 
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human infection by aerosols is by inhalation. Aerosols may be emitted during spray 

irrigation or dust control. The health risk associated with aerosols from treated reclaimed 

water is negligible (EPA, 1980). Contiol measures for health concems include elimination 

or reduction in concentiation ofthe toxic constituents in reclaimed water and, where 

appropriate, practices to prevent or limit direct or indirect contact with the reclaimed 

water. 

The EPA recommends reasonable standards of personal hygiene for the workers at 

water reuse sites. According to the EPA, use of protective clothing, change of clothing at 

the end ofthe work period, avoiding exposure to reclaimed water where possible, and care 

in hand washing and bathing following exposure and prior to eating, appears to be 

effective in protecting the health of workers. These recommendations seem effective 

regardless ofthe level of tieatment provided. 

2.3.1.3 Permitting 

The reclaimed water provider must notify TCEQ and obtain written approval to 

provide the reclaimed water to another entity for allowable reuse ofthe water (30 TAC 

210). The notification must include quantity, quality, origin, location, and purpose ofthe 

intended reuse ofthe water. The notification must also include documents stating that the 

user will be apprised of their responsibilities, and the provider's authority to terminate the 

reclaimed water use that is noncompliant with the permit. The notification must include 

documents authorizing both user and the provider to terminate the use of altemate water. 

Major changes like change in boundary of approved service area, change in intended use. 
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and changes from either type I use or type II use to other uses must also be reported to 

TCEQ. Under the Reclaimed Water Act (Federal), RCW 90.46.040, a permit is required 

for land application of reclaimed water. The permit is issued to the generator ofthe 

reclaimed water who may then distribute the water, subject to permitted provisions 

goveming the location, rate, water quality and purposes of use. 

The reclaimed water producer must transfer reclaimed water of at least the 

mirumum quality required by the permit at the point of delivery to the user (30 TAC 

210.6). The provider must sample and analyze the water at regular intervals in accordance 

with tiie permit and report the results to TCEQ. The provider must notify the executive 

director of TCEQ in writing within a period of five days of obtaining knowledge of misuse 

of water by the user. 

The reclaimed water user must obtain the permit to use the water from the provider 

(30 TAC 210.5). The user must maintain records and report to TCEQ the quantity of 

water, use of water, and any significant changes in quality of water after use. The user 

must obtain a separate permit to utilize reclaimed water if the water use poses potential or 

actual adverse impacts upon human health, aquatic life, or soil and ground water resources. 

If the user accepts type II water but the apphcation requires type I water then the user must 

treat the water to meet type I standards before using it. The additional freatment must be 

approved by TCEQ and a separate permit must be obtained for such treatments. 

2.3.1.4 Discharge Criterion 

Discharge of altemate water sources into natural water body or land application 

must be monitored as the quality of altemate water may not be as high as some ofthe 
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pristine or higher quality water. For the applications discussed in this project, the altemate 

water sources are not discharged, but they are reused. The regulations for discharging 

ahemate water sources do not apply to the applications discussed in this project. These 

regulations are applicable when the altemate water is discharged into natural water bodies 

ofthe state. Discharge of altemate water into natural water body may affect the use ofthe 

water body, or reduce the real estate value of adjacent land. The Clean Water Act, Safe 

Drinking Water Act, Pollution Prevention Act and other such laws and acts govem the 

quality ofthe effluents that can be discharged into the water bodies. These criterions 

would not be a concem for the constmction apphcation discussed in this project, as the 

amount of water used in these applications would not be considered as discharge. 

TCEQ regulates the water quality standards of water discharged into surface water 

(30 TAC 307). Chemicals causing taste and odor must not be discharged in amounts, 

which interfere with production of potable water, impart unpalatable flavor to food fish 

and cause offensive odor in the water. Water discharged into surface water must not 

contain any floating debris and suspended solids that may affect the aquatic ecosystem or 

produce putresible sludge deposits. Water discharged must not cause any substantial or 

persistent changes from ambient conditions including foaming and frothing. Toxic or 

radioactive substances that may affect human beings, terrestrial or aquatic organisms by 

ingestion or from dermal contact must not be discharged into surface water body. Nutrient 

from the discharge must not cause excessive plant growth leading to eutiophication ofthe 

water body. Discharge into the surface water body must not alter the temperature, salinity 

or salinity gradient to such an extent that it affects the ecosystem and the intended or 
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proposed use ofthe water. Discharge to the water body must not affect the dissolved 

oxygen level permanently. 

Discharge of reclaimed water into natural water is govemed by TCEQ regulations. 

The major concems of reclaimed water discharge are fecal coliforms, BOD and other 

safety parameters. Reclaimed water classified as type I by TCEQ or if the water source 

has discharge permit from TCEQ then the water can be safely discharged. Type n water 

can be discharged at places where public is not exposed. Discharge of reclaimed water 

would not be a concem for the applications considered in this project. Only type I or type 

n reclaimed water is considered as an ahemate water source and type II water is used in 

places where the public is not exposed. 

2.3.2 Brine Water 

Brine water, formation water, or produced water is the waste component of oil 

production and refinement. Brine water is produced along with oil and natural gas pumped 

from oil wells. Due to geological formation of oil wells, the water and oil are saline. Part 

ofthe brine water produced is pumped back into the ground so that it maintains the 

undergroimd pressure and brings oil and gas to the surface (Mills, 2001). Seven barrels of 

brine water are produced for every barrel of oil produced. Approximately 400 million 

gallons of brine water is produced daily (TWRI, 2000). 
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2.3.2.1 WaterQuality 

Brine water or produced water is rich in dissolved solids and other hydrocarbons. 

Brine water is highly saline (twice as much as ocean water). Brine water is usually rich in 

chlorides and sodium. Naturally Occurring Radioactive Materials (NORM) may also be 

present in brine water. Table 2.5 lists the water quality of brine produced in some ofthe oil 

fields. 

Table 2.5 Representative Oil-field Water Analysis. 

Pool Reservoir 
Rock 

cr 

Ppm 

SO4" 

ppm 

Na"" 

ppm 

Ca 

Ppm 

Mg 

ppm 

TDS 

ppm 
Conroe, Conroe sands 47,100 42 27,620 1865 553 77,468 
TX 

East Woodbine sand 40,598 259 24,653 1432 335 68,964 
Texas 

Rodessa Oolitic limestone 140,063 284 61,538 20,917 2874 225,749 
La-Tx 

Adapted from Levorsen, 1967. 

2.3.2.2 Workers and PubUc Safety 

Brine water or produced water does not warrant a health issue by microbial 

constituents. The major health and safety concem caused by brine water is from toxic 

chemicals present in the water. Brine water may contain a variety of dissolved minerals 

including sodium chloride and significant quantities of dissolved gases such as carbon 

dioxide, hydrogen sulfide, and some hydrocarbons in suspension. Hydrogen sulfide 

represents a significant health hazard. Produced water may contain naturally occurring 

radioactive materials (NORM) such as uranium, radium, and radon dissolved in water due 
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to prolonged reaction between water and rock/soil (USGS FS-142,1999). Brine water can 

contain up to 80,000 mg/L of chlorides (nearly twice as much as ocean water). High 

chloride concentrations enhance the solubiHty of other elements like radium. 

Brine water is mildly irritating to eyes and non-irritating to skin (Deschner, 1999). 

Inhalation of brine water mist may cause mild mucous membrane irritation ofthe nose, 

throat, and upper respiratory tiact. frigestion of large quantities of brine may cause 

gasfrointestinal upset, and an increase in blood pressure. Workers are to use safety glasses 

with side shields for eye protection. Workers must avoid contact of brine water with eyes, 

skin, or clothing; avoid breathing vapors, fiime, or mist. Wash thoroughly after handling 

brine water and laimder contaminated clothing before reuse. 

2.3.2.3 Permitting 

Permits to use brine water must be obtained from either Railroad Commission (Oil 

and Gas Division) or from TCEQ (16 TAC 3.8). Permits issued will contain conditions 

reasonably necessary to prevent the waste of oil, gas, or geothermal resources to pollute 

the surface and subsurface waters. A permit to fransport brine water must be obtained by 

the carrier from Raifroad Commission (Oil and Gas Division). It is the responsibility ofthe 

brine generator to make sure the carrier has permit to fransport brine water. Brine water 

must not be discharged into surface waters in quantities that alter the physical, thermal, 

chemical, or biological quality of surface and subsurface water that renders the water 

harmful or detiimental to humans, animals, vegetation, or properties. 
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Brine water user must obtain a permit from Railroad Commission and TCEQ 

before utilizing the water. There are no specific regulations for reusing brine water. 

Permits are to be obtained on a case-by-case basis. 

2.3.2.4 Discharge Criterion 

Disposal ofthe brine water is a major problem encountered during reuse of brine. 

Salt must be disposed of in a manner that will not pollute sources of surface or ground 

water. Brine water or other wastewater produced from oil fields must not be discharged by 

any method without obtaining a permit to dispose of such wastes (16 TAC 3.8). Brine 

water must not be directly discharged into any watercourse or drainage way, including any 

drainage ditch, dry creek, flowing creek, river or any other body of surface water. Brine 

water, discharged into surface waters shall not cause a violation ofthe Texas Surface 

Water Quality Standards adopted by the Texas Natiu-al Resource Conservation 

Commission (30 TAC 307). The brine water discharged must not pollute the waters ofthe 

Texas offshore and adjacent estuarine zones (saltwater bearing bays, inlets, and estuaries) 

or damage the aquatic life there. The disposal of liquid waste material into the Texas 

offshore and adjacent estuarine zones shall be limited to saltwater and other materials that 

have been treated, when necessary, for the removal of constituents that may be harmful to 

aquatic life or injiuious to Ufe and property. Some clay compounds and other filter media 

reduce the level of pollutants in brine by adsorbing the pollutants and thus making brine 

safe for disposal (TWRI, 2000.) Subsurface injection of brine water is the most conunon 

method of disposal. A permit to discharge brine into tidally influenced water is required 
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from the raifroad commission, if the discharge rate exceeds 0.1 MGD (16 TAC 3). 

Discharge of brine water during the apphcations considered in this project would not be a 

concem as the brine water would not be discharged into natural waters, and the amount of 

water used in these apphcations would not cause a concem. 

2.3.3 Natural Water Sources 

Natural water sources that can be categorized as altemate water sources are ocean 

water, impaired surface water, and impaired ground water. These water bodies generally 

do not have any health concems or discharge criterion. 

2.3.3.1 WaterQuality 

Natural water bodies, which are not fit for drinking standards, can be used as 

altemate source of water for constmction works. The water quality and quantity records of 

surface waters can be obtained from TCEQ, EPA and other federal, state, and local 

agencies that regularly monitor and access the ability of water body to meet standards for 

use. This information is published as The State of Texas Water Quality Inventory. The 

information about these water bodies can be obtained from The State of Texas List of 

Impaired Water Bodies Clean Water Act section 303 D. 

Ground water is the most widely used water resource in Texas, more than 41% of 

the water used in Texas coming from groundwater. Although most ofthe groundwater 

resources are potable and well protected, there are some aquifers where the water does not 

meet drinking water standards due to pollution or natural geological formations. The 
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geological formations can make the water rich in sulfate and other salts which make the 

water impafred. The water in these aquifers can be used as an altemate source of water for 

constiiiction purposes. The water quality data of these aquifers can be obtained from Texas 

Water Development Board. The TWDB maintains records on groundwater quality in each 

county. This along with TWDB data can be used to characterize groundwater sources in 

the state. EPA has developed a multifaceted information package titled "Search your 

Watershed." The interactive map allows you to select a watershed and get its water quahty 

and quantity data for ground water and surface water. 

Ocean water is the most abundant water resource available. The ocean water is far 

less saline as compared to brine water (ahnost fifty percent) and poses less health hazard 

than wastewater, or brine water as it is both swimable and fishable. The average salinity 

ofthe ocean water is around thirty five percent (Florida Oceanographic Society), Six ions 

that contribute to the majority ofthe salinity are Usted in Table 2.6. Although ocean water 

is an abundant source of altemate water, it is not readily available to most part ofthe state. 

Only in the costal regions of Texas, is the use of ocean water economically feasible. The 

discharge criterion for ocean water into natural water bodies is similar to recycled water. 
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Table 2.6: Major Constituents of Ocean Salinity 

Ion 

Chloride 
Sodium 
Sulfate 
Magnesium 
Calcium 
Potassium 
Total 

Percentage 
of total salts 
55.04 
30.61 
7.68 
3.69 
1.16 
1.10 
99.28 

Concentration 
g/L 
19.35 
10.76 
2.71 
1.29 
0.41 
0.40 
34.92 

Adapted from Florida oceanographic society 

2.3.3.2 Workers and Public Safety 

The surface water, groundwater, and ocean water are usually of higher quality 

water when compared to reclaimed water or brine water. There are no general health 

effects or regulations in using surface water, groundwater, or ocean water. The water must 

be checked for total solids, pathogens, benzene and other water quality parameters for 

which the water is termed impaired. The workers must be informed ofthe risks and 

reasonable standards of personal hygiene to be maintained at work site. Suitable protection 

must be offered to them if the water is impafred on health basis. 

2.3.3.3 Permitting 

There are no permits required to use surface water, ground water, or ocean water. 

The right to use these waters must be bought from the owners ofthe water or from state or 

federal agencies responsible for that water source. Ocean water is usually available to 

everyone. 
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2.3.3.4 Discharge Criterion 

There are no standard criteria for discharging surface and ground waters into the 

environment. The discharged water must not cause a violation ofthe Texas Surface Water 

Quality Standards adopted by the TCEQ (30 TAC 307). Surface and ground water are 

usually of higher quality than reclaimed water or brine water. Discharging these waters 

would not cause any significant concem as the pollutants, if any, would be too diluted to 

cause a problem. 

Ocean water is far less saline than brine water. Discharge of ocean water would 

have similar concems as those brine water. The ocean water can be discharged safely into 

bays, tidally influenced water bodies, and oceans. Discharge of ocean water into fresh 

water source must not violate the Texas Surface Water Quality Standards adopted by the 

TCEQ (30 TAC 307). Discharge of ocean water would not be a concem for the 

applications considered in this project as the amount of water discharged would be too 

little to cause a problem. 

2.4 Effects on Constmction Applications 

The constmction applications for which altemate sources of water is considered are 

compaction in preparation of road sub grades, erosion confrol, irrigation, dust control, 

constmction of embankments, stabilized base for highways and for rinsing and washuig 

tools and equipments. The impact of water quality on constmctability and material 

behavior must be studied before the water source can be approved for use. The water 

quality and chemical composition of an altemate source of water used in constmction 
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works may affect the physical and chemical properties of constmction materials and may 

even lead to the failure ofthe stmctures. For example, the constituents found in altemate 

water may change the physical properties of soil through a variety of processes such as 

cation exchange, precipitation, and dissolution. The properties of soil, which are 

commonly affected by water quality, are soil pH shrinkage, unconfined compression 

strength, durability, erodability, swelling, and dispersivity. Type of soil and quality of 

water are also important in analyzing the effects on properties of soil by altemate water. 

There are four types of soil commonly encountered in highway constmctions. 

Inorganic clay with high plasticity (CH), Inorganic clay of low to medium plasticity (CL), 

Inorganic silts and very fine sand; silty or clayey fine sands; clayey silts with fme 

plasticity (ML), and Silty sands, and clayey sands(SM and SC). To cover all test 

procedures for all altemate water is impractical, so only the worst-case scenario is tested 

for each water source and soil type. For example, the most critical considerations for brine 

water are corrosion potential, increased shrinkage and crack potential and erodability of 

soil. These tests would be performed for soil in which brine water may be used. Sulfate, 

sodium, chloride, pH, calcium, magnesium, and total dissolved solids are some ofthe 

constituents of water quaUty that affect the constmctability and behavior of constmction 

materials. 
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2,4.1 Effect of Total Dissolved SoUds 

Total Dissolved SoUds (TDS) is the dissolved component of solids in the water. 

Major components of TDS usually present in altemate water sources are sodium, chloride, 

sulfate, calcium, magnesium, other salts, and organic matter. An elevated amount of TDS 

leads to reduced hydraulic conductivity and reduced porosity in the fine-grained soils 

(Quirck, 1955). The reduced hydraulic conductivity and pores can cause water logging in 

the soil, which may produce anaerobic conditions, causing odor problems and stmcttiral 

damage to the soil. Some ofthe components of TDS like chlorides and sulfates cause 

corrosion problems. 

TDS is typically correlated with electrical conductivity (EC). Approximately 651 

EC (mmhos/cm) is 1 mg/L of TDS and 10 EC (mmhos/cm) is 1 meq/L of EC. The EC 

mitigates the effects of sodium and chlorides. The greater the electrical conductivity ofthe 

soil the lesser are the effects of sodium and chlorides. If the electrical conductivity is less 

than 3.33 meq/L then the chloride content must not exceed 100 ppm in water used for 

constmction applications like stabilizing embankments and retaining walls, where steel 

bars are used for reinforcements. Water used for applications like dust contiol where the 

water may come in contact with uncured concrete must have chloride content less than 

1000 ppm (TxDOT Standard Specifications, 1993). 

Fine-grained soils Uke clay and silt are more susceptible to the effects of TDS than 

coarse-grained soils (Crescimanno et al., 1995). Recommended TDS limit in water is 2000 

mg/L for fine-grained soil (EPA, 1992). Further lab testing is required to find the threshold 

Umit of TDS for other soil types. Sodium is the major part ofthe TDS that is detrimental to 
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soil properties. Other dissolved elements Uke calcium and magnesium can counter the 

effect of sodium and may be beneficial to the soil. The stability of soil aggregates and 

hence that of pore system depends on the attractive and repulsive forces arising from 

mtermolecular and electrostatic interactions between the soil solution and soil particles. 

This imbalance causes stmctural fransformation ofthe clay. Swelling and dispersion are 

the major mechanisms by which the aggregates and hence soil stioicttire, are damaged 

during these tiansformations. As TDS problems are associated mainly with sodium, the 

problems caused by sodium would be discussed individually. 

2.4.2 Effect of Sulfates 

Sulfate causes swelling and heaving in fine-grained soils. Sulfate may also cause 

corrosion in soil particles, concrete, and reinforcement steel bars. Sulfate-induced heaves 

have been a recognized problem in the United States since first reported by Mitchell 

(1986). Damage from deleterious Ume-soil-sulfate reactions have also subsequently been 

reported in Ausfralia and Europe. Sulfate induced heaves are common in lime treatment, 

and other calcium-based chemical freatments such as cement and fly ash, which are 

equally destmctive to pavements. Sulfate causes heaving, swelling and cracking of soil. 

Heaving and swelling of soil is caused by the formation of ettringite 

(3CaO.Al203.CaS04.12H20), which is highly expansive and may double in volume if 

exposed to moisture (Hunter, 1988). Ettringite is formed when sulfate combines with 

calcium and aluminum present in the soil causing soil heave or swelUng. The worst-case 

soil for sulfate attack is inorganic clay minerals like kaolinite, which can give up more 
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alumina in high pH environments present in lime and cement stabilized soils. For a sulfate 

content of 2000 ppm, loss of strength in clayey soil stabilized in cement was more than 50 

percent. 

The lower limits of sulfate for lime stabilized soil, 100-5000 ppm, posed low to 

moderate risk of heave; 5000-12000 ppm posed moderate to serious risk; and greater than 

12000 ppm posed a very serious risk of heave (McCallister and TidweU, 1997). 

The sulfate present in the soil before apphcation of water has negUgible effect on swelling. 

The swelling caused by sulfate present in soil occurs at the initial stages and can be 

reversed during compaction. The major swelling and heaving problems are caused by 

sulfate present in curing or compaction water. Sulfate attack on lime can occur at relatively 

low levels of sulfate content, but more research is needed for establishing a lower limit 

with more confidence. Cement stabilized soil with significant clay content are particularly 

vulnerable to sulfate attack and may be more susceptible than lime stabilized materials 

(Sherwood, 1962). Sulfate attack on cement stabilized soils without significant clay 

content would be similar to sulfate attack on conventional Portland cement concrete, and is 

not a major threat for cement stabiUzed soils. If the sulfate is greater that 9000 ppm and the 

soil is fme grained, then the water cannot be used for cement stabihzation. On the other 

hand, if the soil is course-grained soil then sulfate-restiained cement can be used for 

stabilization (Hicks, 2002). With the insufficient data available, it is safer to avoid cement 

stabilization of fine grained soils that contains sulfate or wiU be exposed to soluble sulfates 

unless a thorough test shows that the stabilized soil is durable in the presence of sulfates 

and moisture (Rollings and Burkes, 1997). If the water is used for curing or compacting 
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embankments that have reinforcement bars, the sulfate must not exceed 200 ppm to 

prevent corrosion ofthe bars. Water, used for curing concrete or for other apphcations 

where the water may come in contact with uncured concrete, must have less than 1000 

ppm of sulfate (TxDOT standard specifications, 1993). 

2.4.3 Effects of Sodium 

Sodium affects soil stmcture by dispersing flocculated organic and inorganic soil 

colloids. Dispersion occurs when sodium ions are absorbed to surface of clay particles and 

colloidal organic matter causing repulsion between the individual particles. Sodium ions 

hydrolyze water molecules resulting in elevated soil pH and dissolution of soil organic 

matter that holds soil aggregates together (Parks and O'Connor, 1980). Continued use of 

water having high sodium content leads to a breakdown in the physical stmcture ofthe 

soil. Sodium is adsorbed and becomes attached to soil particles. The soil, termed as sodic 

soil, and then becomes hard and compact when dry and increasingly impervious to water 

penetration. Sodic soils are subject to severe stmctural degradation and restrict 

performance through poor soil-water and soil-air relations. According to US Salinity 

Laboratory staff (1954) the exchangeable sodium percentage (ESP) of 15 is considered to 

cause deterioration in soil stmcture. Waters with Sodium Absorption Ratio (SAR) values 

of 6 to 16 are considered satisfactory, dependmg on clay mineralogy, if the saU 

concentration exceeds 5 meq/L (Ayers and Westcot, 1976). The threshold sodium 

concentration in soil is influenced by the salinity of soil solution, physical and chemical 
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properties of soil, the relative concentiation of sodium to calcium and magnesium, which 

IS expressed as the sodium adsorption ratio (SAR).(Rengasamy and Ollson, 1991). 

SAR = ([Na]/(([Ca]+[Mg])/2)'/^) (Eq2.1) 

Where the concentiations are expressed in normality (meq/L). 

The Exchangeable Sodium Percentage is the extent to which the adsorption 

complex ofa soil is occupied by sodium. It is expressed as: 

ESP= [exchangeable Na (meq/100 g soil) / CEC (meq/100 g soil)] x 100.. (Eq 2.2). 

The adverse effect of sodicity on soil physical properties are evident in soils only 

when the electrolyte concentiation is below a threshold elecfrolyte concentration (TEC) 

required for flocculation of their clay fraction. Thus leaching of soluble saUs from saline-

sodic soils by rain or higher quality water will result in sodic soil with degraded stmctiire. 

The dispersion ofthe soil depends on the clay mineralogy and composition ofthe 

soil. Soils with more than 15 percent siU and clay are dispersive irrespective of thefr clay 

mineralogy (Levy et al., 1993). Soils high in montmorillonite are more prone to dispersal 

while soils high in kaolinite and sesquioxides are least likely to disperse at low ESP 

(Yaron and Thomas, 1968). Hydraulic conductivities of clay fractions dominated by 

kaolins, iron oxides, siUcates and gibbsite and gibbsite are unaffected by exchangeable 

sodium even in absence of salinity (El-Swaifey and Swindale, 1969). The kaolinite soils 

are not affected at ESP range of 10 to 30 percent as long as the salt concentration is at least 

0.01 N but the HC is significantly reduced when leached with rainwater (0.00 N). 

The greatest limitation in accessing the sodicity hazard is the inability to predict 

how the water will affect soil stmcture and permeabiUty (Rhodes, 1972). The hydraulic 
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conductivity (HC) of a given soil decreases with increasing ESP provided the electrolyte 

concenfration is less then TEC (Quirck and Schofield, 1955). The TEC value varies from 

soil to soil and cannot be generalized without lab testing, even for soils with similar clay 

content and type (McNeal and Coleman, 1966). The effect of ESP on clay dispersion 

depends on elecfrolyte concentration ui the solution. In the calcareous soils, which dissolve 

and release sahs to the suspension, only high ESP levels affect dispersion. Clay dispersion 

is affected in all ESP levels for noncalcareous soils as they maintain low electrolyte 

concentration in the solution. 

Swelling of soils is generally not appreciable unless ESP exceeds 25 to 30 (Quirck, 

1968). However, dispersion can occur at ESP level as low as 10 to 20 if the EC is less then 

10 meq/L. Dispersion and cation exchange processes are more predominant in clayey soil 

while it is not much ofa concem for sandy soil. If the soil contains sodium at more than 

sixty percent ofthe total dissolved cations then physical breaking ofthe soil occurs. Sodic 

soils (resulting from sodium hazard) generally have apH value between 8.5 and 10. These 

soils are called "black alkali soils" due to their darkened appearance and smooth, sUck 

looking areas caused by the dispersed condition. In sodic soils, sodium has desfroyed the 

permanent stmcture, which tends to make the soil impervious to water. 

Water sufficiently high in sodium producing ESP level greater than 25 to 30 are 

seldom used, except when the water is also relatively high in salt concentration. Water 

with low salt concentiation (<15 meq/L) of intermediate sodicity (SAR 5 to 20) is the most 

common type used in irrigation. When higher quality water or water with low electiolyte 

concentration like rainwater is used over this water, it leaches the adsorbed salts and 
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causes dispersion ofthe soil (Rhoades 1968). Soils with high cation exchange value and a 

plasticity index greater than 35% swell to such an extent that dispersion is not a problem 

(BeU, 1994). High ESP values and piping potential exist in soils in which the clay fraction 

is composed largely of smectitic. Some ilUtes are highly dispersive while high ESP and 

high dispersibility are uncommon in kaolinite (Regea et al., 1997). 

Water with high sodium content (brine) is corrosive, and it is safer to use in sandy 

soil instead of clayey soil (Ho and Pufahl, 1987). However, several studies have 

concluded that saU concentration in compaction water has increased the maximum dry 

density and decreases optimum moistiire content (Moore, 1973; Singh and Ali, 1978; 

Singh and Das, 1999). It was also found that brine tieated soil has significant strength gafri 

and greater resistance for wetting and drying cycle. Thus, waters with high saU 

concentration can be used for soil compaction, road bases, and embankments if a suitable 

top layer like asphalt or bitumen is used to protect from erosion and dispersion effects and 

properly compacted to prevent shrinkage cracking. 

2.5 Environmental Impacts of Altemate Water Sources 

The water quality entering the envfronment is regulated and monitored by the 

Clean Water Act (1972). The altemate water discharged uito the environment may pollute 

the surface water or leech into ground water or leech into topsoil thus reducing the quality 

ofthe more pristine or potable water as well as the real estate value ofthe site. If the mnoff 

degrades neighboring lands, it may lead to general degradation ofthe area thereby 

reducing the real estate value ofthe neighborhood and may lead to potential lawsuits. The 
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major constituents of water which may affect the envfronment are metals like arsenic, 

barium, cadmium, chromium, mercury, iron, manganese, selenium, sodium, copper, silver 

and zinc, anions like fluoride, chloride, nitiate, sulfate and other substances like dissolved 

solids, volatile organic carbon (VOC), SOCs and radioactive materials like gross alpha and 

gross beta. When nutiients like nitiate and phosphates enter surface water like lakes and 

ponds, they may accelerate the eutrophication of those water bodies, which may render 

them useless as potable source of water. Heavy metals like arsenic, chromium, selenium, 

and mercury are toxic to aquatic Ufe as well as to animals and humans who use the 

contaminated source of water. This may cause the water body to be termed as impaired 

water body, which is a great loss of a natural resource. Sodium and sulfate destroys the 

stmcture of soil, and alter the soil properties, which may increase the erosion and make the 

soil unsuitable for agriculture and other purposes, fron and manganese causes taste 

problems in water and may alter the conductivity ofthe soil thereby destroying the soil 

properties. The soil may lose its stiength and may even become anaerobic causing odor 

problems. 

The environmental impacts caused by the discharge of altemate water from 

constmction applications discussed in this research are negligible. Constmction 

applications like dust control, compaction, and stabilization usually require one-time 

application of water. There are no significant impacts and no specific regulations for one

time apphcations of altemate water, frrigation and erosion contiol may require regular 

appUcations of water, which may cause some impacts. According to TCEQ regulations, 

type I and type II reclaimed water can be used without any envfronmental concems, if the 
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water meets the permit quality. Surface and ground water sourced are usually free from 

environmental concems. Envirorunental impact assessment for other water sources is done 

on a case-by-case basis during permitting. 
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CHAPTER ni 

DECISION MATRIX 

One objective of this research is to generate a decision matrix that allows TxDOT 

engineers to evaluate a water source for various constmction applications. The ahemate 

water sources are evaluated for water quality parameters that affect the health ofthe 

workers and exposed public, and for detiimental effects to the physical and chemical 

properties of soils on which the water is appUed. 

The altemate sources of water considered are wastewater from mimicipal 

wastewater treatment plants, brine water from oil fields, ocean water, impaired surface 

water and groiondwater. The water quality parameters considered in the decision matrix 

that affect the health ofthe workers and public exposed are Biochemical Oxygen Demand 

(BOD), turbidity, fecal coliforms, nematode eggs, benzene, and sulfides. The parameters 

that affect the soil properties are total dissolved soUds (TDS), sulfates (SO4 '), sodium 

(Na'^, calcium (Ca^^), magnesium (Mg^^), and pH. Soil parameters like electrical 

conductivity ofthe soil, SAR, and ESP also affect the soil performance. All the parameters 

shown in the decision matrix (sulfates, SAR, ESP, and EC) except TDS and pH are soil 

parameters measured for the soil water mix. Further laboratory testing outside the scope of 

this thesis will be done to correlate these soil parameters with water quality parameters. 

Electrical conductivity can be converted to TDS (Approximately 65.1 mg/L of TDS 

equals 1 meq/L of EC). 

The major soil types analyzed by the decision matrix are inorganic clay of high 

plasticity (CH), inorganic clay with low to medium plasticity (CL), inorganic silts and very 
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fine sands; silty or clayey fine sands; clayey sihs with slight plasticity (ML), silty 

sands(SM), and clayey sands (SC). The constmction appUcations for which this decision 

matiix is designed to evaluate are dust control, compaction, irrigation and erosion contiol, 

and stabilization of road base, sub base, embankments and backfill of retaining walls. 

3.1 Dust Control 

Dust contiol is the process of sprinkling water over road surfaces or other surfaces 

where there are loose particles that may be eroded by wind. Water must be sprinkled in a 

uniform and controlled rate. Ahemate sources of water better than or equal to type II 

reclaimed water can be used for dust contiol, as the public would not be exposed during 

application and the workers would be suitably protected. Water quality parameters that 

affect the constmctablity and the soil properties must be verified before using the water. 

In order to evaluate altemate water for use in dust contiol, the water quality must 

be verified for health concems and constmctablity issues. Figure 3.1 shows the flow 

diagram ofthe decision matrix for evaluating the use of ahemate water in dust control. 

Water quality parameters for health concem depend on the type of altemate water. If the 

water source is reclaimed water then it must meet type II standards for reclaimed water as 

the public is not exposed during dust control operations. If the water is produced water 

from oil wells then the benzene and sulphide contents are regulated. There are no specific 

regulations for health concem for other water sources. If the altemate water source does 

not have any health concem then the performance issue must be addressed. 
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Parameters for performance and constmctability for dust contiol depend on the soil 

type. Threshold parameters for various soil types are listed in Table 3.1 and shown in 

Figure 3.1. If the sodium level exceeds the threshold value, it may cause the soil stmcture 

to breakdown causing erosion problems and more dust. Sulfate is also corrosive and may 

cause erosion problems or corrode any metal reinforcements in the embankments or 

retaining walls over which dust confrol is performed, friorganic clay with high plasticity is 

the soil type tiiat is most affected by sodium, sulfate and dissolved soUds. Silty sand and 

clayey sand are not affected by any type of water when used for one time application 

Table 3.1 Threshold Values for Water Quality Parameter Affecting Dust Control. 

Soil type 
Soil Name Unified soil classification 
(AASHTO) 

SAR ESP EC Sulfate pH 
% meq/L ppm Range 

<IQ(^0) <^5P/) >jQ(28) <i2000^' '> Inorganic Clay with High Plasticity 
CH (A5, A6, A7) 
friorganic Clay with Low to Medium <12̂ ^̂ ^ <15̂ ^̂ ^ >10̂ ^̂ ^ <12000^^^^ 
Plasticity CL (A4, A6) 
friorganic Silts and Very Fine Sands; <16^ '̂̂  <15^ '̂'̂  >5̂ ^̂  <12000^ '̂̂  
Silty or Clayey Fine Sands; Clayey 
Sihs with S l i^ t Plasticity ML (A4, 
A5) 

Silty sand and clayey sand (SM and NA* NA* NA* NA* 
SC (Al, A2) 

6-9 

6-9 

6-9 

6-9 

* No Threshold Value (Can be any value normally foimd in water) 
Numbers fri parentheses are reference numbers 
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3.2 frrigation/Erosion Control 

Irrigation, as considered in this project, is the application of water through an 

above ground system to promote and sustain growth of grass and other plants along the 

highway or other rights of ways. Erosion control considered here is by the process of 

seeding or sodding. Altemate water sources better than or equal to type I reclafrned water 

can be used for frrigation as the public and the workers would be exposed. 

In order to evaluate ahemate water for use in irrigation/erosion control, the water 

quality must be verified for health concems and performance issues. Figure 3.2 shows the 

flow diagram ofthe decision matrix for evaluating the use of altemate water in irrigation/ 

erosion contiol. Water quaUty parameters for health concems depend on the type of 

altemate water. If the water source is reclaimed water then it must meet type I standards 

for reclaimed water if the workers and the public would be exposed. If the workers and 

public would not be exposed to the water than the water type can be type II or better. If the 

water is produced water from oil wells then the benzene and sulfide contents are regulated. 

There are no specific regulations for health concem for other water sources. If the altemate 

water source does not have any health concem then the performance issue must be 

addressed. Water quality parameters for performance for irrigation depend on the soil 

type. 

Threshold parameters for various soil types are listed in Table 3.2 and shown in 

Figure 3.2. If the sodiiun level exceeds the threshold value, it may cause the soil stmcture 

to breakdown and may be detrimental to plants. Sulfate is not a concem for irrigation and 

erosion confrol as the soil expansion would not cause a problem. If total dissolved solids 
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exceed 2000 ppm (EPA, 1992) then the TDS may be detrimental to plants and grass. The 

pH ofthe water must be in the range of 6-9 or it may become corrosive to the soils or 

harmful to the plants. Inorganic clay with high plasticity is the soil type that is most 

affected by sodium while silty sand and clayey sand is least affected. An ESP value Usted 

in the Table is the general value recommended by the U.S. salinity laboratory. Effect of 

TDS and pH are similar on all soil types. There are no detiimental effects of sulfate for 

irrigation and erosion control operations. 

Table 3.2 Threshold Values for Water Quality Parameters Affecting Irrigation. 

Soil type 
Soil Name Unified soil classification 
(AASHTO) 

SAR ESP 
% 

TDS 
ppm 

Sulfate 
ppm 

pH 

friorganic Clay with High Plasticity <10̂ "̂̂  <15^ '̂''̂  <2000^''^ NA* 6-9 
CH (A5, A6, A7) 
friorganic Clay witii Low to Medium <10̂ ^̂ ^ <15^̂ ^̂  <2000^"^ NA* 6-9 
Plasticity CL (A4, A6) 
friorganic Silts & Very Fine Sands; <12̂ ^̂  <15̂ '̂̂ ^ <2000̂ ^̂ ^ NA* 6-9 
Silty or Clayey Fine Sands; Clayey 
Silts with Slight Plasticity ML (A4, 
A5) 
Silty sand and clayey sand (SM and <16̂ ^̂  NA* <2000̂ ^̂ ^ NA* 6-9 
SC (Al, A2) 

* No Threshold Value (Can be any value normally found in water) 
Numbers in parentheses are reference numbers. 

3.3 Compaction 

Soil compaction is the process of increasing the density and strength of soil by 

packing the particles closer together, causing a reduction in the volume of air. Soil water 

acts as a lubricant increasing compaction when a load is imposed on the soil. Compaction 
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is done during stabilization of road base layers, embankments, backfill of retaining walls, 

etc. Soils with a wide range of soil particle sizes (e.g., fine sandy loam) are generally more 

compactable than soils of uniform particle size (e.g., sand). The finer soil particles easily 

fill the large pores formed by the coarse particle fraction in a pooriy sorted soil producmg 

a denser soil. 

In order to evaluate the use of ahemate water as compaction water, the water 

quality must be verified for health concems and constmctability and performance issues. 

Figxu-e 3.3 shows the flow diagram ofthe decision matrix for evaluating the use of 

altemate water as compaction water. Water quality parameters for health concem depend 

on the type of ahemate water. If the water source is reclaimed water, then it must meet 

type n standards for reclaimed water as the pubUc is not exposed during compaction 

operations. If the water is produced water from oil wells, then the benzene and sulfide 

contents are regulated. There are no specific regulations for health concems for other water 

sources. If the altemate water source does not have any health concem, then the 

performance and constmctability issues must be addressed. Parameters for performance 

and constmctability for compaction depend on the soil tj^e. Threshold parameters for 

various soil types are Usted in Table 3.3 and shown in Figure 3.3. If sodium exceeds the 

threshold limit, it may cause the soil to disperse and erode. Excess sodium causes the soil 

particles to breakdown causing stmctural failure of soil. However, some research has 

shown that compaction strength of soil increases with increase in concentration of sodium 

(Singh and Ali, 1978). More lab testing and fiirther research outside the scope of this thesis 

will be done to determine the threshold value for sodium. Sulfate causes swelling 

48 



c .2 
CJ 
CO 

I 
o 
CJ 
l-l 

<2 
l l 
OJ 

I 
e 
OJ 

0> 
c/3 
3 
(U 

ca 

> 
OJ 

.2 
CO 

CJ 
0) 

Q 
<o 
ro 
OJ 

op 
fc 



and heaving in the soil and is corrosive. Swelling and heaving is not a concem during 

imtial stages of compaction as any swelling or heaving would be negated by compaction. 

However, if sulfate concentration exceeds the threshold value given in Table 3.3 after 

compaction, it may cause swelling and heaving problems (McCalUster and TidweU 1997). 

Electrical conductivity mitigates the effect of sodium and hence, the greater the 

EC, the lesser is the detrimental effect of sodium. However, EC causes erosion problem 

and more lab testing is required to find a maximum threshold value for EC. The pH of 

water must be in the range of 5.5 to 10 or it would cause erosion problems. 

Table 3.3 Threshold Values for Water Quality Parameters Affecting Compaction. 

Soil type SAR ESP EC Sulfate pH 
Soil Name Unified soil classification % meq/L ppm 
(AASHTO) 

friorganic Clay with High Plasticity CH <10 '̂"^ <15^̂ ^̂  >10̂ '̂*̂  <5000^ '̂̂  5.5-10^ '̂̂  
(A5, A6, A7) 
friorganic Clay with Low to Medium <10̂ °̂̂  <15^̂ ^̂  >10̂ *̂̂  <5000̂ ^̂ ^ 5.5-10̂ "*̂ ^ 
Plasticity CL (A4, A6) 

friorganic Silts and Very Fine Sands; <12<̂ )̂ <20̂ ^̂ ) >10̂ ^̂ ^ <9000(̂ ^^ 5.5-10̂ ^̂ ^ 
Silty or Clayey Fine Sands; Clayey 
Sihs with Sl i^ t Plasticity ML (A4, A5) 
Silty sand and clayey sand (SM and SC <16(") <20(̂ )̂ >10̂ *̂̂  <12000^^^^ 5.5-10̂ ^̂ ^ 
(A1,A2) 

Numbers in parentheses are reference numbers 

Fine grained soils like inorganic clay with high plasticity and inorganic clay with 

low to medium plasticity are the soil types that are most affected by sodium and sulfate, 

while other soil types are affected to a lesser extend. 
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3.4 Stabilization 

StabiUzation is the process of changing the soils or aggregates by blending 

materials (e.g., lime, cement) that increase the load bearing capacity, firmness and 

resistance to weather, erosion or displacement of soils. In order to evaluate the use of 

altemate water for stabilization, the water quality must be verified for health concems and 

constiiictability and performance issues. Figure 3.4 and Figure 3.5 shows the flow diagram 

ofthe decision matiix for evaluating the use of altemate water for lime stabilization and 

cement stabilization respectively. Water quality parameters for health concem depend on 

the type of altemate water. If the water source is reclaimed water then it must meet type II 

standards for reclaimed water as the public is not exposed during stabilization operations. 

If the water is produced water from oil wells then the benzene and sulfide contents are 

regulated. There are no specific regulations for health concem for other water sources. If 

the altemate water source does not have any health concem then the performance and 

constmctability issues must be addressed. Parameters for performance and 

constmctability for stabilization depend on the type of stabilizer used and the soil type. 

The threshold values of water quality parameters for lime and cement stabiUzation are 

shown in Tables 3.4 and 3.5, respectively. 

Lime is an excellent choice for short-term modification of soil properties. Lime can 

modify almost all fine-grained soils, but the most dramatic improvement occurs in 

clay soils of moderate to high plasticity. Modification occurs because calcium cations 

supplied by the hydrated lime replace the cations normally present on the surface ofthe 

clay mineral, promoted by the highly alkaline environment ofthe lime water system. Lime 
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stabilization results in: reduction in plasticity of soil, reduction in moisture-holding 

capacity (drying), swells reduction, improved stabiUty, and the ability to constmct a solid 

working platform. 

Table 3.4 Threshold Values for Water Quality Parameters Affecting Lune Stabilization. 

SAR ESP EC Sulfate 
% meq/L ppm 

Soil type 
Soil Name Unified soil classification 
(AASHTO) 

friorganic Clay with High Plasticity CH NA NA NA 
(A5, A6, A7) 

Inorganic Clay with Low to Medium NA* NA* NA* 
Plasticity CL (A4, A6) 

Inorganic Silts and Very Fine Sands; Silty NA* NA* NA* 
or Clayey Fine Sands; Clayey Silts with 
Slight Plasticity ML (A4, A5) 
Silty sand and clayey sand (SM and SC NA* NA* NA* 
(A1,A2) 

pH 

<5000̂ ^̂ ^ 5.5-10^ 

<5000('') 5.5-10(''> 

<9000('') 5.5-10('') 

<12000^ '̂̂  5.5-10̂ "*'̂  

No Threshold Value (Can be any value normally found in water) 
Numbers in parentheses are reference numbers 

Table 3.5 Threshold Values for Water Quality Parameters Affecting Cement StabiUzation. 

Soil type 
Soil Name Unified soil classification 
(AASHTO) 

SAR ESP EC Sulfate 
% meq/L ppm 

pH 

Inorganic Clay with High Plasticity CH 
(A5, A6, A7) 
Inorganic Clay with Low to Medium 
Plasticity CL (A4, A6) 
Inorganic Silts and Very Fine Sands; 
Silty or Clayey Fine Sands; Clayey Silts 
with Slight Plasticity ML (A4, A5) 
Silty sand and clayey sand (SM and SC 
(A1,A2) 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

<9000^^'^ 5.5-10^"'^ 

<11000('') 5.5-10(''> 

12000^2') 5.5-10^'') < 

NA 5.5-10^^^^ 

NA : No threshold values (can use any water source) 

Numbers in parentheses are reference numbers 
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Cement stabilization is most effective with coarse-grained soil, but fine-grained 

soil with low to medium plasticity can also be stabilized. If the plasticity index exceeds 

about 30, cement becomes difficult to mix with soil and uneconomical to use. It would be 

more economical to preheat the soil with lime before cement stabiUzation. 

Sulfate becomes the major concem during stabilization. Sulfate causes heaving, 

swelling and cracking of soil Threshold value for sulfate for cement stabilization with fine 

grained soil is 9000 -12000 ppm (Hicks, 2002). The threshold value for sulfate in lime 

StabiUzation ranges from 3000-16000 ppm. Sodium does not have much effect, as it would 

be neutralized by calcium present in the lime; moreover there is an increase in strength and 

maximum dry unit weight of soil after compaction when sodium is present in the soil-

water mix (Singh and Das, 1999). The process of lime and cement stabilization is more 

effective in alkaline conditions (pH>10) (Hicks, 2002). There are no known upper 

thresholds for sodium and TDS. 

A preliminary version ofthe decision matrix was discussed in previous sections. 

Water quality parameters that govem the health concem are accurate as federal and state 

regulations specify the threshold values of those parameters. Parameters that govem the 

constmctability and performance issues need verification through further research and lab 

testing, which is beyond the scope of this thesis. Parameters like SAR, ESP, sulfate, and 

EC are soil parameters and further research is required to convert them to water quality 

parameters. The decision matrix is in its preliminary stages and will be updated after 

laboratory tests are performed to determine the specific effect and threshold value for the 

water quality parameters. 
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CHAPTER IV 

DATABASE 

The secondary objective of this research is a readily accessible Microsoft Access 

database that TxDOT engineers or other contractors can use to search for altemate water 

sources. Data for wastewater and surface water for year 2001 were obtained from TCEQ, 

while data for brine water was obtained from USGS website. The data can be queried 

based on location (county, TxDOT districts), type of water source (wastewater, brine 

water), and constmction appUcations for which the water is required. A conversion Table 

in Microsoft Access for Texas counties to TxDOT districts mapping was done to facilitate 

the querying process. The database gives location details for the water source and contact 

information wherever applicable. The database also retums the values of critical water 

quality parameters, which can be compared with the values given in the decision matrix to 

validate the use of water source for any particular constmction application. Sources, fields 

and important parameters for each ofthe databases are discussed below. The database can 

be easily updated by obtaining the most recent version ofthe database from the concemed 

agencies and replacing the old files. 

4.1 Wastewater 

Wastewater, reclaimed water or recycled water is the freated effluent from 

mimicipal wastewater treatment plants. Treatment plants must report the quantity and 

quality ofthe effluent water to state and federal agencies. The state (TCEQ) and federal 

(EPA) agencies maintain a database of records reported by the treatment plants. The 
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databases considered for this research work are the Environmental Protection Agency's 

Permit CompUance System (EPA PCS) database and the Texas Commission on 

Environmental Quality (TCEQ) database. Both the EPA PCS and TCEQ databases were 

received from TCEQ office at Austin, TX. The TCEQ database contains detailed location 

and contact information while the EPA PCS database contains detailed water quality 

information. 

PCS is a national system that contains National Pollutant Discharge Elimination 

System (NPDES) data and tracks permit issuance, permit limits, monitoring data, and 

other data pertaining to facilities regulated under the NPDES. PCS records water-discharge 

permit data on more than 75000 facilities nationwide and more than 3000 facilities in the 

state of Texas. PCS contains general descriptive information on each permitted facility 

such as faciUty name, mailing address, and standard classification ofthe facility. PCS 

contains detailed information describing each outfall within a permitted facility and the 

discharge monitoring requirements associated with each. The information also includes 

monitoring locations, parameters to be monitored, the quantity and concentration limits for 

each pollutant, and the units in which pollutant concentrations are reported. PCS also 

tracks reported measurement values for effluent parameters including those that are 

violations of established limits ofthe permit. The database also fracks information related 

to violations of compUance schedules. Values for critical water quality parameters 

(parameters that affect health and constmctability: TDS, sulfates, sodium, calcium, 

magnesium, BOD, CBOD, fecal coilforms, and pH) for the faciUties in a particular county 

or district can be queried. Measured concentrations (MCAV (average), MCMX 
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(maximum), and MCMN (minimum)) for all the critical parameters in the queried facilities 

would be displayed too. Table 4.1 lists the important fields in the EPA PCS database and 

their descriptions. 

Acronyms 
For Fields 

STNO 
NPID 
FNMS 
RDF9 
CNTN 
PRAM 
LCAV 
LCMN 
LCMX 
LCUC 
MCAV 
MCMN 
MCMX 
VPRM 

Table 4.1 Field Description of EPA PCS Database. 

Definitions 

State ID Number (TCEQ WQ Permit Number) 
NPDES ID (EPA TX Number) 
FaciUty Name - Short (permittee) 
TCEQ Segment Number (example 1211) 
County Name 
Parameter Code (storet code for permitted limit) 
Limit: Concentration Average (permitted quaUty) 
Limit: Concentiation Minimum (permitted quality) 
Limit: Concentration Maximum (permitted quality) 
Limit: Concentration Unit Code (permitted quality) 
Measurement: Concentration Average (reported quality) 
Measurement: Concentiation Minimum (reported quality) 
Measurement: Concentration Maximum (reported quality) 
Violation/Measurement Parameter Code (storet code for reported data) 

The Texas Commission on Environmental Quality (TCEQ) database is a state 

agency database consisting data for over 3800 facilities all over Texas. This database 

contains detailed information on locations and contact information of permitted 

wastewater treatment facilities. The TCEQ database was connected to EPA PCS database 

using TCEQ permit number. TCEQ database was used only to obtain location information 

(latitude, longitude, street address). 
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4.2 Brine Water 

Brine water, formation water, or produced water is the waste produced from oil and 

gas wells while oil and gas are pumped from oil wells. The United States Geological 

Survey (USGS) maintains a provisional database on produced water quality, locations, 

geological formations and sampling methods. The database is called Produced Water 

Compositional Database and it can be downloaded from the USGS website. The database 

was last modified on May 2002. The database contains location and water quality 

information. The fields, which identify the location ofthe produced water source, include 

state, county, latitude and longitude, and oil and gas field name. The latitude and longitude 

data can be used to create a GIS map and database. The geologic setting ofthe sample is 

described by the geologic basin (province), the name ofthe geologic unit from which the 

fluid was produced and the age of that geologic unit. The major water quality parameters 

typically considered are sodium, potassium, calcium, magnesium, chloride, bicarbonate, 

sulfate, and TDS. 

This version ofthe Produced Water Database used in this project is a subset ofthe 

original database. The database compiled for this project represents only the state of 

Texas. The database records consist of more than 14500 entries that can be queried based 

on Texas Counties or TxDOT districts. Table 4.2 lists the field description ofthe Produced 

Water Database. 
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Table 4.2 Field Description ofBrine Water Database 

Field Name 

UNIQUEID 
COUNTY 
GEOBASIN 
USGSPROV 
USGSREG 
FIELD 
FLDCODE 
SECTION 
LATITUDE 
LONGITUDE 
API 
WELLNAME 
PH 
UNITS 
BICARB 

CALCIUM 

MAGNESIUM 
CHLORIDE 
POTASSIUM 

SODIUM 

SULFATE 

TDS 

SOURCE 

Description 

Unique Identifier for each record used as a primary key 
County name in which the water source is located 
Geological Basin 
USGS geological province 
USGS geological region 
Oil and gas field name 
Oil and gas field code 
Section number as assigned by the public lands survey grid 
Latitude ofthe well. 
Longitude ofthe well 
American Petroleum Institute well number 
Name ofthe source well 
pH ofthe water sample 
Concentration units mg/L or ppm 
Concentration of Bicarbonate ions 

Concentiation of Calcium ions 

Concentration of Magnesium ions 
Concentration of Chloride ions 
Concentration of Potassium ions 

Concentration of Sodium ions 

Concentration of Sulfate ions 

Total Dissolved SoUds concentration 

Identifies the source ofthe record. Typically, this Usts the 
name ofthe petroleum company or the analytical laboratory 
responsible for the analytical data. 

4.3 Surface Water 

Surface waters considered as ahemate water source are impaired water bodies, 

which are not fit for municipal purpose. A Ust of these water bodies are given in TCEQ 

Unpaired water bodies list (303 D) which can be downloaded from the TCEQ website on 

TWQILIQ. A Microsoft Access database was created from this list. The database consists 
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of river basin name, segment name and segment id number for location purpose and 

critical water quality parameters like chloride, sulfate, TDS, and fecal coUforms. The 

database can be queried based on river basin, river, or segment. Table 4.3 Usts the field 

description ofthe Surface Water Database. 

Table 4.3 Field Description of Surface Water Database. 

Field Description 
River River Basin Name 
Segment Segment ID 

Water body Water Body Name 
Fecal coUform Fecal Coliform Geometric Mean #/100 mL 
Sulfate Concentiation of Sulfate ppm 
Chloride Concentration of Chloride ppm 
TDS Concentiation of Total Dissolved Solids ppm 

4.4 Data Ranges 

The maxunum, minimum and mean value ofthe concentration of critical 

parameters in the database was found to get an idea of water quality available for each 

altemate water sources. Distributions ofthe concentration of critical parameters were also 

found to get the general idea of water quality available. The range and distiibution of 

critical parameters for each water type is discussed in the foUowing section. Figures 4.1 to 

4.5 show the percentage of data points falling in each range for sulfate, TDS, Chloride, 

sodium, and fecal coUforms respectively. 
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4.4.1 Wastewater 

The data range of critical parameters found in wastewater is Usted in Table 4.4. ft is 

found that sulfate, sodium, TDS, and pH are not a concem with wastewater. From Figure 

4.3 (concentiation distribution of TDS), it is found that more than 90 percent ofthe 

wastewater has a TDS value of less than 2000 ppm. Sodium and chlorides are not a 

concem for most ofthe wastewater sources. If a water source is suspected to contain 

sodium in amounts greater than threshold value of sodium, then the water must be tested 

for sodium concenfration. From Figure 4.5, it can be seen that almost 85 percent ofthe 

wastewater can be used for type II applications. Most ofthe wastewater sources can be 

used for any ofthe consfruction operations if it qualifies on safety concems. TUe major 

concems of wastewater are BOD, fecal coliforms, and other health concems. 

Table 4.4 Critical Parameters Range in Wastewater Database. 

Parameter 
Name 
Sulfate 
Sodium 
Calcium 
Magnesium 
TDS 
BOD 
PH 
Fecal 
Coliforms 

Maximum 
value 
1790 
2745 
1940 
256 
32900 
1900 
9 
20000 

Mean 
Value 
440 
1042.3 
753.37 
172 
2252 
14.18 
7.03 
246 

Minimum 
Value 
14 
70.5 
113 
61 
0 
0 
4 
0 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

#/100 
ml 
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4.4.2 Brine Water 

The data range of critical parameters found in produced water is Usted in Table 4.5. 

It is found that sulfate, BOD, fecal coliforms, and pH are not a concem with brine water. 

From Figure 5 (concentration distribution of sulfate), it is found that more tiian 90 percent 

of tiie brine water has a sulfate value of less than 5000 ppm. The major concems for brine 

water are sodium, chloride and TDS. Brine water can be used for compaction and 

stabilization operations. Further lab testing and more research is required to find the 

maximum threshold values for sodium and TDS. 

Table 4.5 Critical Parameters Range in Brine Water Database. 

Parameter 
Sulfate 

Sodium 

Calcium 

Magnesium 

Chloride 
TDS 

PH 

MAX 
14657 

146770 

66381 

37620 

245376 

398904 

9 

MIN 
0 

33 

0 

0 

53 

1012 

5 

MEAN 
1167.06 

22899.3 

4659 

1171.139 

54200 

90154.54 

7.01 

UNITS 
mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

4.4.3 Surface Water 

The data range of critical parameters found in surface water is Usted in Table 4.6. It 

is found tUat sulfate, sodium, TDS, and pH are not a concem for surface water. From 

Figure 7 (concentiation distribution of TDS) it is found that more than 90 percent ofthe 

surface water has a TDS value of less than 2000 ppm. Sodium is usually not a concem for 

surface water sources as it would be well within the threshold limit. If tUe water source is 

suspected to have a sodium concentration greater then threshold limit then the water must 
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as 

tested before it can be used. The major concems for surface water are BOD, fecal 

coilforms, other health concems, and the parameter for which the water is declared ; 

impaired water. From Figure 9 it can be seen that ahnost 70 percent of tUe surface water 

can be used for type II appUcations. Most ofthe surface water sources can be used for 

almost all ofthe constinction applications. 

Table 4.6 Critical Parameters Range in Surface Water Database. 

Parameter Max MIN MEAN 
Sulfate (ppm) 3123.5 0 71.53 

Fecal Coliforms (#/l00 ml) 37832 0 444.64 

Chloride (ppm) 26637 0 159 

TDS (ppm) 40399.2 0 419 

Reclaimed water, brine water, and surface water databases can be accessed from 

the same front-end form. The values pulled out by the databases can be compared with the 

values of critical parameter concentrations given in the decision matrix. If the database 

does not give a value for any ofthe critical parameter then that parameter is not of a 

concem as the concentration of that paranieter is well within threshold limit. The water 

source can be approved for the constmction application if the parameters meet the criteria 

given by the decision matrix. 
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CHAPTERV 

CONCLUSIONS 

Literature review was performed to determine the effects of water quality of 

ahemate water on performance and constmctablity for major soil types and other 

constiiiction materials. A literatiire survey was completed using the Texas Tech Library 

database and electronic databases (such as FirstSearch and Web of Science) available 

through Texas Tech Library system. Major water quality parameters that affect the 

constiructablity and performance are sodium, calcium, magnesium, sulfate, chloride, pH, 

and total dissolved solids, friorganic clay is the soil type that is most affected, while sand is 

least affected, by these water quality parameters. A survey of mles and regulations 

applicable for use and discharge of altemate water sources (such as reclaimed water and 

brine water) was also conducted. 

Both federal and state agencies enforce laws and regulation on reuse of altemate 

water. The federal law that govems the quality of water entering the environment is Clean 

Water Act while 40 CFR 122 is the federal regulation conceming the permitting process of 

discharge and reuse of altemate water. Texas Water Code chapter 26 is the state law, 

enforced by TCEQ, that govems the discharge of reclaimed wastewater into water of state 

and chapter 27 enforced by Raifroad Commission govems the discharge of wastewater 

(brine water) from oil and gas production. The major state regulations that concems the 

reuse of altemate water are 30 TAC 210, 30 TAC 305, and 30 TAC 307 for reuse of 

municipal wastewater and 16 TAC 1,16 TAC 3, 30 TAC 106 for discharge and use of 
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brine water. 30 TAC 307 is the regulation conceming the quality of altemate water tUat 

can be discharged into state water bodies. 

A preliminary version ofthe decision matrix was developed as a tool to evaluate 

the use of ahemate water for constmction application (sucU as dust control and 

compaction). TUe decision matrix is developed as interactive computer application usmg 

Microsoft Visual Basic 6. The decision matrix includes the interactions of these ahemate 

waters (e.g., reclaimed water and brine water) with the major soil types used by TxDOT 

and gives threshold values of critical water quality parameters for each combination of soil 

and constmction application. The decision matrix allows the flexibiUty to evaluate new 

water sources that may become available. Some ofthe parameters given in the decision 

matrix (e.g., SAR, ESP, and sulfates) are soil parameters and more research and laboratory 

testing are required to convert them to water quality parameters. Laboratory tests and more 

research are required to verify the threshold values and to find specific threshold values for 

parameters for various combinations of soil type, water source, and constmction 

applications. The resuUs from these tests are to be used to fill in the gaps in the decision 

matrix and to complete the final version ofthe decision matrix. 

A Microsoft Access database for municipal wastewater, produced water, and 

impaired surface water was created to assist the TxDOT engineers and other confractors to 

find ahemate water sources in the area that can be used for constmction operations. The 

TCEQ and EPA PCS database were used for municipal wastewater database; while USGS 

Produced Water database was used for brine water database. TCEQ impaired water bodies 

list was used to create surface water database. The database can be periodically updated by 
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obtaining the updated databases from the EPA, TCEQ, and USGS and replacing the old 

files with the new ones. 

During this research, it has been found that most ofthe ahemate water sources can 

be used for constiiiction applications like dust control, erosion confrol, compaction, and 

stabilization operations without any ill effects. Further lab testing is required to confirm 

this. The use of these ahemate water sources can cause significant economic benefits for 

contiactors and TxDOT as well as conserve potable water sources. 

The various gaps found in the analysis of ahemate water for constmction 

operations are the threshold values used in decision matrix are for soil water mix and lab 

tests and further research is required to convert them to water quality parameter. Threshold 

values found in the literature range over an order of magnitude and lab tests are required to 

reduce these variations. Effects of chloride and cation exchange capacity of soils on the 

performance ofthe constmction operations must also be analyzed. 

Finally, the recommendations for fiiture research include: finding new sources of 

altemate waters, diversify to include more constmction operations, and an in depth study 

of legal issues conceming the use of ahemate water. The decision matrix and the database 

can be modified to include new sources of water and new constmction applications. 
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