
i

DEPARTMENT OF THE ARMY EM 1110-2-503
U.S. Army Corps of Engineers

CECW-ET Washington, DC  20314-1000

Manual
No. 1110-2-503 27 February 1999

Engineering and Design
DESIGN OF SMALL WATER SYSTEMS

Table of Contents

Subject Paragraph Page Subject Paragraph Page

Chapter 1 Chapter 4
Introduction Water Quantity Requirements
Purpose . . . . . . . . . . . . . . . . . . . . . . . . 1-1 1-1
Applicability . . . . . . . . . . . . . . . . . . . . 1-2 1-1
References . . . . . . . . . . . . . . . . . . . . . . 1-3 1-1
General Considerations . . . . . . . . . . . . 1-4 1-1

Chapter 2 Recreation Area Water Use . . . . . . . . . 4-6 4-9
Preliminary Planning and Design Rest Area Water Use . . . . . . . . . . . . . . 4-7 4-12
Introduction . . . . . . . . . . . . . . . . . . . . . 2-1 2-1
Agency Involvement . . . . . . . . . . . . . . 2-2 2-1
Water Quality . . . . . . . . . . . . . . . . . . . 2-3 2-1
Water Quantity . . . . . . . . . . . . . . . . . . 2-4 2-1
Water Sources . . . . . . . . . . . . . . . . . . . 2-5 2-2
Water Treatment . . . . . . . . . . . . . . . . . 2-6 2-2
Pumping, Storage, and Distribution . . . 2-7 2-2
Cost Estimating . . . . . . . . . . . . . . . . . . 2-8 2-2
Project File . . . . . . . . . . . . . . . . . . . . . 2-9 2-2
Operation and Maintenance . . . . . . . . . 2-10 2-3

Chapter 3 Water Treatment
Water Quality Requirements Introduction . . . . . . . . . . . . . . . . . . . . . 6-1 6-1
Introduction . . . . . . . . . . . . . . . . . . . . . 3-1 3-1
The National Safe Drinking Iron Removal . . . . . . . . . . . . . . . . . . . . 6-3 6-9
   Water Act . . . . . . . . . . . . . . . . . . . . . 3-2 3-1
1996 Reauthorization of SDWA . . . . . 3-3 3-1
The National Primary Drinking Water Taste and Odor Removal . . . . . . . . . . . 6-6 6-12
   Regulations . . . . . . . . . . . . . . . . . . . 3-4 3-2
The National Secondary Drinking Turbidity Removal . . . . . . . . . . . . . . . . 6-8 6-14
   Water Regulations . . . . . . . . . . . . . . 3-5 3-7
Other Regulatory Requirements . . . . . . 3-6 3-8
Water Quality and Public Health . . . . . 3-7 3-8
Contaminants Found in Water Membrane Technologies . . . . . . . . . . . 6-12 6-20
    Supplies . . . . . . . . . . . . . . . . . . . . . 3-8 3-10

Introduction . . . . . . . . . . . . . . . . . . . . . 4-1 4-1
General Considerations . . . . . . . . . . . . 4-2 4-1
Storage Requirements . . . . . . . . . . . . . 4-3 4-2
Municipal Water Use . . . . . . . . . . . . . . 4-4 4-3
Rural Water Use . . . . . . . . . . . . . . . . . 4-5 4-7

Water Conservation . . . . . . . . . . . . . . . 4-8 4-12

Chapter 5
Water Sources
Introduction . . . . . . . . . . . . . . . . . . . . . 5-1 5-1
Sanitary Survey . . . . . . . . . . . . . . . . . . 5-2 5-1
Existing Supplies . . . . . . . . . . . . . . . . . 5-3 5-2
Groundwater . . . . . . . . . . . . . . . . . . . . 5-4 5-4
Surface Water . . . . . . . . . . . . . . . . . . . 5-5 5-7

Chapter 6

Disinfection . . . . . . . . . . . . . . . . . . . . . 6-2 6-6

Manganese Removal . . . . . . . . . . . . . . 6-4 6-10
Hardness Removal . . . . . . . . . . . . . . . . 6-5 6-11

Stabilization and Corrosion Control . . 6-7 6-13

Total Dissolved Solids Removal . . . . . 6-9 6-17
Color Removal . . . . . . . . . . . . . . . . . . 6-10 6-18
Control of Organic Substances . . . . . . . 6-11 6-19



EM 1110-2-503 
27 Feb 99

ii

Subject Paragraph Page Subject Paragraph Page

Chapter 7 Storage . . . . . . . . . . . . . . . . . . . . . . . . . 7-3 7-3
Pumping, Storage, and Distribution . . . . . . . . . . . . . . . . . . . . . . 7-4 7-6
Distribution
Introduction . . . . . . . . . . . . . . . . . . . . . 7-1 7-1
Pumping . . . . . . . . . . . . . . . . . . . . . . . 7-2 7-1

Appendix A
References


