
The APPLICATION of 
HEAT and CHEMICALS 

in the CONTROL 
of BIOFOULING 

EVENTS in WELLS 

L E W I S P U B L I S H E R S 
Boca Raton London New York Washington, D.C. 



C O N T E N T S 

1. THEORETICAL PERCEPTIONS OF A FUNCTIONING WATER 
W E L L 1 

I. INTRODUCTION I 

II. EARLY DIAGNOSTIC TECHNIQUES FQR FAILING WELLS . . . . 2 
A. Symptoms 3 

1. Losses in Flow 3 
2. Increases in Drawdown 3 

* f 3. Generation of Cloudiness 4 
- • - 4. Color in Water 4 

5. Taste and Odor Problems 5 
B. Traditional Rehabilitation Techniques 8 

• ̂  C. Recognition of Biofouling - Intrinsic Concern 10 
' I. Water Production II 
?f 2. Chemical and Physical Characteristics II 

a. Iron (Fe) II 
b. Manganese (Mn) 12 

T c. Total Suspended Solids (TSS) 12 
^ ' d. pH (acidity and alkalinity) 13 

e. Redox (reduction-oxidation) 14 
"̂̂  f. Temperature 15 
' ' g. Freezing (<0''C) 16 
" ' h. Total Dissolved Solids (TDS) 17 

* i. Nutrients 17 
3. Biological Challenge Determination 19 

D. Recent Technological Advances 20 

III. THEQRETICAL APPRAISAL: CAUSES OF BIQFQULING 22 
A. Major Symptoms of Biofouling 23 
B. Plug Formation 24 
C. Sequence of Symptoms in Plug Formation 27 
D. Recalcitrant Chemical Accumulates 28 
E. Compromised Water Quality 30 

*; 1. Iron 30 
2. Total Organic Carbon 31 
3. Total Nitrogen 31 
4. Total Phosphorus 32 

A . 5. Redox Potential 33 
6. Temperature 34 

• 7. Microbiological 34 
F. Production Failures 34 
G. Appraisal of the Causes of Biofouling 34 



IV. CHRONOLOGICAL SEQUENCES 36 
A. Water Production 36 
B. Biofouling Process 37 

II ;s} . I. Initial Colonization 37 
. 2. Primary Void Volume Occupancy 38 

3. Primary Stabilization 38 
s 4. Secondary Void Volume Occupancy 38 

5. Plugging 38 
6. Total Plugging 39 

; C. Critical Indicators: The Stages of Biofouling 39 
r D. Chemical Indicators Reflecting Biofouling 40 
c E. Physical Factors Influenced by Biofouling 41 
1; I. TSS 42 
l ; 2. Mean Particle Size (microns) 43 
I 3 . Percentage Volume Distribution to the Allocated 
g Sizes 44 
jyi 4. Surface Area and Wet Weight 44 
I I 5. Temperature 44 
I ; 6. Pump Rates and Draw Down 45 
I'f 7. Redox 46 

8. Direct Visual Inspection 47 
. ; a. Free-Floating 47 
l i b. Mucoid Tubercles 47 
I;; c. Hardened Plates 48 

J d. Covert Plugging 48 
f ) J F. Biological Factors Influenced by Biofouling 48 
Vi I . Attached Habitat 49 

2. Oligatrophic Nutrient Regime 49 
3. Erratic Population Recording 50 

u i 4. Specialized Growth Requirements 50 

2. APPLICATION OF HEAT AND CHEMICALS IN THE CONTROL 
OF BIOFOULING EVENTS IN WELLS 51 

I. APPLICATION OF HEAT, BACKGROUND INFORMATION . . . 51 

II. HISTORICAL ASPECTS OF THE APPLICATION OF HEAT . . . 54 
C I. Clogging 54 
li 2. Plugging 55 

3. Bioplugging 55 
£:vvr L 

III. PASTEURIZATION OF WATER WELLS 57 

IV. BLENDING CHEMICALS WITH HEAT TREATMENT 59 



V. BCHT™ DEVELOPMENTS 62 
A. Upper Woods River, 1988 62 
B. Brookville Lake, 1990 64 
C. Shaw Air Force Base, 1992 66 
D. Garrison Dam, 1992 70 
E. Leesville, 1992 75 
F. BofersSite, 1993 83 

; v G. Mississippi River, 1993 ... 85 
H. Conclusions, 1988 to 1993 ....V. 94 

3. REVISIONS AND RETROFITTING, BRINGING DOWN 
THE COST 97 

I. INTRODUCTION 97 
A. Application of Jetting 103 
B. Selection of a Suitable Heat Source 106 
C. Problems: Heat and Chemical Applications 107 

II. SUCCESSFUL REHABILITATION OF RELIEF WELLS 109 

III. RISK ASSESSMENTS AND ENVIRONMENTAL IMPACT . . . 110 

IV. BCHT™ TREATMENT 113 
A. Applications Protocol 113 
B. Hazardous Waste Sites 116 
C. Hot Versus Cold Treatment 118 

V. DIAGNOSIS OF BIOFOULING WELLS 119 

VI. PREVENTATIVE MAINTENANCE 123 

VII. TARGETING THE BIOFOULING 125 

VIII. HAZARDOUS WASTE SITES 126 

IX. WELL BIOFOULING 128 
A. Historical Background 128 
B. The Coliform Problem 129 
C. Good Record Keeping and Monitoring Performance 131 
D. Preventive Maintenance, The Essential Component 132 

4. DISCUSSIONS 135 

I. QUESTIONS AND ANSWERS 135 



II. SUMMARY 151 

III. FINAL COMMENT 157 

IV. TITANIC, The Connection Between Rusticles and Clogging 

APPENDIX, Definition of Terms 

SELECTED BIBLIOGRAPHY 

INDEX 

'v . , 

162 

167 

175 

177 


