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Preface i

THIS IS Volume 5 of Career Development Course (CDC) 4B051, Bioenvironmental Engineering
Journeyman. This material details many guiding principles and programs that serve to assist in the
management of occupational and environmental health (OEH) workplace and contingency risks.

Unit 1 provides an overview of the potable water program, including storage/distribution,
assessments, reporting and inspections of recreational waters.

Unit 2 addresses general principles of ventilation as well as procedures for evaluating the adequacy of
ventilation system and their performance.

Unit 3 presents basic concepts of the respiratory protection program. This discussion includes salient
information regarding types of respirators, their use, maintenance and selection, instructions for
conducting fit-testing/training, and guidelines for workplace evaluation.

Unit 4 addresses a short discourse on the topic of confined space.
Unit 5 follows by expressing fundamental concepts of the hazard communication program.

Unit 6 concludes with material dealing with the Air Force Emergency Management Program and
serves as a primer of principles and procedures for responding to contingencies.

A glossary is included for your use.
Code numbers on figures are for preparing agency identification only.

The use of a name of any specific manufacturer, commercial product, commodity, or service in this
publication does not imply endorsement by the Air Force.

To get a response to your guestions concerning subject matter in this course, or to point out technical
errors in the text, unit review exercises, or course examination, call or write the author using the
contact information provided in this volume.

NOTE: Do not use Air Force Instruction (AFI) 38-402, Airmen Powered by Innovation and
Suggestion Program, to submit corrections for printing or typographical errors. For Air National
Guard (ANG) members, do not use Air National Guard Instruction (ANGI) 38-401, Suggestion
Program.

If you have questions that your supervisor, training manager, or education/training office cannot
answer regarding course enrollment, course material, or administrative issues, please contact Air
University Educational Support Services at http://www.aueducationsupport.com. Be sure your request
includes your name, the last four digits of your social security number, address, and course/volume
number.

For Guard and Reserve personnel, this volume is valued at 36 hours and 9 points.


http://www.aueducationsupport.com/

ii Preface

NOTE:

In this volume, the subject matter is divided into self-contained units. A unit menu begins each unit,
identifying the lesson headings and numbers. After reading the unit menu page and unit introduction,
study the section, answer the self-test questions, and compare your answers with those given at the
end of the unit. Then complete the unit review exercises.
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clean and safe drinking and recreational water for the base populace. Untreated or

contaminated water can carry disease bearing organisms and other harmful contaminants
capable of causing serious illness if ingested. The Air Force (AF) strives to protect the safety of
drinking and recreational waters in order to maintain the health of AF members and their families.

B IOENVIRONMENTAL ENGINEERING (BE) plays a very important role in maintaining

1-1. Drinking Water Overview

Water is in constant motion on, above, and below the Earth’s surface. The circulation of water and
water vapor is powered by energy from the sun and by gravity. This natural process is called the
hydrologic cycle. When precipitation infiltrates through the surface and seeps downward through the
soil, it becomes groundwater.

801. Groundwater hydrology

As part of the hydrologic cycle, groundwater is a major contributor to flow in many streams and
rivers and has a strong influence on river and wetland habitats for plants and animals. Most
groundwater begins as precipitation that infiltrates downward from the land surface and settles below
the water table. The water table is the boundary between the unsaturated and saturated zones. The
layer of earth above the water table is called the unsaturated zone. Water and air are present in
varying amounts that change over time. Therefore, saturation does not occur. Below the unsaturated
zone is the saturated zone. In this zone, all of the pores, cracks, and spaces between rock particles are
saturated with water. The water table is not flat; it often follows the topography of the land. Springs,
lakes, swamps, or rivers are formed when the water table meets the ground’s surface. Figure 1-1is a
graphic representation of the unsaturated and saturated zones.
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Figure 1-1. The water table is the boundary between the unsaturated and saturated zones.

The saturated zone beneath the water table is called an aquifer. Groundwater movement through the
subsurface is dependent on the permeability (ease of water movement) and porosity (the amount of
open space in the material) of the subsurface rock [1]. If the rock has characteristics that allow water
to move relatively freely, groundwater can move significant distances in a short period of time. For
example, sand and gravel layers provide good aquifers because of their permeability. In contrast,
aquifers comprised mostly of clay or crystalline rocks are poor aquifers. Aquifers can be categorized
as confined and unconfined (fig. 1-2).

¢ Unconfined aquifers: In unconfined aquifers, water has saturated the subsurface material below
the water table. If a well is drilled into an unconfined aquifer, a pump may be required to push the
water to the surface.

¢ Confined aquifers: Confined aquifers have layers of rock above and below them that are not very
permeable to water. Natural pressure (artesian pressure) in the aquifer can exist and can
sometimes be enough to push water in a well above the land surface. Confined aquifers in which
the water is under pressure are called artesian aquifers.

Unsaturated zone
Wataer table

Wiater table -

Canfined
aguifer

Figure 1-2. Confined versus unconfined aquifers.

Unconfined aquifers only have one layer of impermeable material beneath the saturated zone, which
causes them to be more vulnerable to contamination from activities on the surface. A confined aquifer
exists between confining layers of impermeable materials composed of rock, sediment, or soil that
has a distinctly lower permeability than that of the aquifer. These confining layers interfere with
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vertical groundwater movement between aquifers. The confining material stores groundwater but
does not allow it to readily flow into or out of the aquifer. For water or contaminants to infiltrate this
type of aquifer, they must enter through a recharge zone. A recharge zone is an area where water
flows into an aquifer. It is called a recharge zone because the aquifer is being “recharged” with more
water. It is important to note that these confining layers not only serve to impede the movement of
water into and out of confined aquifers, they also serve as a barrier to the flow of contamination from
overlying unconfined aquifers. It is important to properly characterize, assess, and monitor
groundwater quality and movement in order to accurately predict the direction of groundwater flow
and how and assess/refine sampling and monitoring plans.

The most common source of groundwater contamination on AF bases is from routine industrial
operations. Examples include:

e Jet engine repair: degreasing operations (chlorinated solvents).

e Corrosion control: paint stripping and painting operations (chlorinated paint strippers, paint
thinners, heavy metals from paint waste).

o Aircraft fuel storage and distribution systems (jet fuel).
o Leaks in industrial wastewater collection systems and all types of spills.
e Waste landfills.

Groundwater hydrology for a given area can have a strong influence on both the quantity and quality
of water available for drinking and recreational use.

802. Sources and characteristics of potable water

Water supply systems on military bases must meet the demands for water quality and quantity for a
variety of uses. Besides drinking, water use includes cooking, washing, bathing, sewage disposal,
cleaning equipment, air conditioning, fire protection, irrigation, and recreation. In the past, many
bases maintained and operated their own water supply systems. Presently, most bases purchase
drinking water from a municipal supply, which typically needs little or no additional treatment. Other
bases, particularly overseas, must develop their own water sources and apply treatment processes,
which are dependent upon the source.

Sources of potable water

Potable water, also called drinking water, is typically supplied by a combination of surface water and
groundwater sources. Where surface and groundwater are available, groundwater is generally the
preferred choice.

Groundwater

Groundwater is stored in both unsaturated and saturated zones. As water filters down through
underground layers of sand, clay, rock and gravel, much of the undesirable material in rainwater and
runoff is effectively removed. However, water does react with these layers to extract minerals. Many
minerals produce unwanted characteristics in the water such as hardness, too much fluoride,
unappealing color, and taste. Excessive mineral content is a major limiting factor in the use of
groundwater. Minerals such as calcium, magnesium, and iron can be removed fairly easily. High
concentrations of minerals like fluoride and chloride cannot be removed easily and may require an
alternative water supply. The quality of groundwater for a given area generally does not change;
however, different locations can show marked differences in water quality.

The major advantages of using groundwater sources over surface water sources are:

o Less likely to be contaminated with pathogens.
e Low turbidity.
¢ Nearly constant temperature.



o Less affected by droughts.
o More difficult to contaminate.
e Less treatment required to make potable.

In locations where groundwater is found at varying depths, deeper aquifers offer more protection
against contamination and drought. Pathogenic bacteria and nitrates are generally not found in
groundwater (their presence indicates pollution of the supply). Contamination can occur through open
formations in the ground, leakage from the surface (especially down the outside of an inadequately
sealed well casing) or through perforations in a well’s casing. Nevertheless, all groundwater usually
gets some treatment because of the potential for contamination, typically chlorination for disinfection
purposes.

Surface water

Runoff is the portion of rain and melting snow that becomes surface water. Topography and gravity
control the movement of surface water. In areas where there is little fresh water, rainfall may be
collected in a device. Typically, though, the runoff drains into a lake or stream. Runoff may flow
through undeveloped areas, agriculture areas, industrial areas, and urban areas. Such areas form what
is known as the watershed of a lake or stream.

Pollutants released in the watershed are likely to contaminate lakes or streams. Discharges from
sewage plants, factories, and agricultural activities significantly contribute to the character of surface
water. The quality of surface water may change drastically from one location to another and even in
the same location at different times. River water may be perfectly safe one day and seriously
contaminated the next because of the discharge of pollutants.

The availability of surface water also varies widely with the seasons. Therefore, the nature of a stream
or lake should be investigated periodically to make sure its dependability as a year-round source.
Assessments of a water source for adequacy and dependability are necessary if the source must
supply a large and constant amount of water. Surface water that is used for drinking must always be
treated because pollutants and toxins can potentially make their way into the water source. Therefore,
securing, treating, monitoring, and protecting the water source becomes critical to the overall success
of the mission.

Characteristics of potable water

As water goes through the hydrologic cycle, it gathers numerous organic and inorganic substances.
Knowing what impurities are in water allows you to determine the type and extent of treatment
required to make it potable and palatable. The suspended and dissolved solids, dissolved gases, and
pathogens that may be found in water are its most important characteristics.

Suspended and dissolved solids

Dust, silt, minerals, and organisms are picked up by ground and surface water and dissolved or
carried in suspension. Suspended solids are often easy to detect, even without testing, because the
water appears cloudy or murky, giving it an apparent color. This is called turbidity—a physical
characteristic caused by mud, sand, silt, clay and/or organic matter. True color comes from organic
materials such as fuels, oils, dyes, and naturally occurring organics or from inorganic materials like
iron and copper. Many chemicals, minerals, and organic materials such as algae can give water an
objectionable taste and odor. These materials may be suspended—meaning they keep their structure
and do not dissolve—or may dissolve forming a solution. For water to be potable as well as palatable,
it must be treated to remove these impurities.

Hardness

Hard water is water that has high mineral content. It generally is not harmful to health, but is
undesirable because it produces scale (a flaky coating) which builds up on equipment that handles
water (e.g., boilers, cooling towers).
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e Carbonate hardness results from the bicarbonates of calcium and magnesium.
o Non-carbonate hardness is caused by sulfates and chlorides of calcium and magnesium.

Minerals that cause hardness are somewhat more difficult to remove. Carbonate hardness and
noncarbonated hardness together make up the total hardness of water. Water softeners reduce the
concentration of hardening minerals through the process of ion exchange.

Alkalinity

Closely related to hardness, the alkalinity of water is due mainly to carbonates, bicarbonates, and
hydroxide ions. Carbon dioxide (COZ2) gas is absorbed by rain or surface water to form carbonic acid.
The carbonic acid reacts with minerals to form bicarbonates such as calcium or magnesium
bicarbonate and sometimes sodium bicarbonate. Hydroxide and carbonate ions are not found in
natural water in appreciable concentrations, but appear later when the water is softened with lime and
soda ash. Hydroxide alkalinity can also be found when ground or surface water is contaminated by
alkaline wastewater.

Alkalinity is particularly important in operating equipment such as boilers and circulating cooling
water systems. The range of alkalinity (in parts per million [ppm]) is controlled to prevent acidic
corrosion. Maintaining a proper range of alkalinity also prevents the precipitation of salts that can
form scale.

Acidity

The carbonic acid formed in rainwater and runoff has a direct effect on the acidity of surface and
groundwater. The potential for hydrogen (pH) scale is used to express the degree of acidity; pH lower
than 7 (neutral) indicates water that is acidic. Acidic water is more likely to contain elevated levels of
metals, including toxic metals like lead and arsenic. Lime and other alkaline substances may be used
to raise the pH. If the water is too alkaline, an acid can be added to lower the pH, or other chemicals
can be added to prevent scale formation.

Dissolved gases

The gas concentration—maost importantly, oxygen, hydrogen sulfide, and CO2—dissolved in water
are dependent upon the concentration in the atmosphere, the atmospheric pressure, and the
temperature. Adequate dissolved oxygen levels are necessary to prevent drinking water from tasting
flat. Increasing water temperature causes the water to release oxygen, so generally there is higher
dissolved oxygen content in cold water. A decrease in atmospheric pressure also decreases the oxygen
content. Chemicals and organisms in polluted water cause it to exhaust its oxygen, while clean water
has a good supply. For this reason, dissolved oxygen is used as one of the indicators of water quality.

Hydrogen sulfide is a colorless, flammable, poisonous gas with an unpleasant odor. Found in many
mineral waters, it produces a disagreeable taste and a smell like rotten eggs. In groundwater, the
dissolved gas is produced by the action of anaerobic bacteria in soils containing organic and inorganic
sulfur compounds. Hydrogen sulfide in water forms sulfuric acid, which corrodes metals.

Along with absorption from the air, water also receives CO2 from decaying vegetation. In the water
treatment process, CO2 is given off in chemical reactions and absorbed into the water. Many
underground gas deposits also add to the concentration. CO2 contributes to the acidity of water,
making it less suitable for many uses.

Pathogens

The ability of pathogens in water supplies to produce massive epidemics is well known. Water can be
a carrier of many organisms responsible for intestinal diseases. These organisms include bacteria,
viruses, protozoa, worms, and certain algae that secrete toxins. Diseases such as typhoid, cholera,
dysentery, and hepatitis have occurred among Airman stationed in areas where water treatment was
inadequate. The seriousness of waterborne diseases and the ease with which they can be transmitted
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are reasons water supplies are chlorinated. Additional treatment is needed in areas where there are
chlorine-resistant pathogens.

The majority of AF bases receive drinking water from public water systems (PWS). These public
systems often rely on groundwater as the primary source of drinking water. The most important step
in protecting groundwater as a source of drinking water is to prevent contamination of groundwater
sources. In the United States (US), the Environmental Protection Agency (EPA) has primary
responsibility for regulating and protecting groundwater; they share that responsibility with the states
through various arrangements.

803. Regulatory drinking requirements of the Safe Drinking Water Act

The federal Safe Drinking Water Act (SDWA) ensures the quality of drinking water. Under SDWA,
the EPA sets standards for drinking water quality and oversees the states, localities, and water
suppliers who implement those standards.

Safe Drinking Water Act

In 1974, public concern over contaminants in public drinking water supplies prompted Congress to
pass the SDWA. The SDWA established a federal program to monitor and increase the safety of all
publicly and commercially supplied drinking water. The law was amended in 1986 and 1986 and
requires many actions to protect drinking water and its sources. This includes drinking water supplied
by AF installations as well as supplies provided by other government agencies. This is accomplished
by establishing national enforceable drinking water quality standards, guaranteeing water suppliers
monitor to ensure national standards are met, and maintaining low levels of harmful contaminants.

The 1986 amendments to the SDWA required the EPA to establish maximum contaminant levels
(MCL), maximum contaminant level goals (MCLG), and best available technology treatment
techniques for organic, inorganic, radioactive, and microbiological contaminants, as well as turbidity.
The MCLs represent the upper limit on the permissible concentrations of regulated contaminants in
public drinking water supplies. The MCLGs are maximum concentrations below which no negative
human health effects are known to exist. They are non-enforceable health goals that may not be
achievable or cost effective in some areas, such as small PWSs. The federal government recognizes
best available technology treatment techniques as the technologies most likely to acceptably reduce
contaminant levels in drinking water at a reasonable cost.

In 1996, the SDWA was again amended. In addition to authorizing billions of dollars of expenditures
for drinking water systems, the 1996 revision focused water program spending on contaminants that
posed the greatest risk to human health and that are most likely to be present in a public water system.
Additional revisions included more stringent controls on microbial contaminants as well as on the by-
products of chlorination, requirements that water utilities notify the public of water safety violations
within 24 hours, that all water system operators be certified to meet EPA’s minimum certification
standards, and that the EPA establish a database to monitor the presence of unregulated contaminants
in water.

Compliance with the SDWA requires regular testing of water that has completed the treatment
process at the treatment plant for all listed MCLs and MCLGs. Testing for microbial pathogens is also
regularly conducted in the distribution system to confirm the effectiveness of filtration and
disinfection practices.

Drinking water standards

The SDWA authorizes the EPA to set drinking water standards to control the level of contaminants in
the nation’s drinking water. The EPA has established two types of drinking water standards: primary
and secondary. Primary standards are designed to protect public health (PH) by setting maximum
permissible levels of potentially harmful substances in the water. Secondary standards are guidelines
that apply to the cosmetic and aesthetic aspects of drinking water, which do not pose a health risk.
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Primary standards are enforceable by law but secondary standards are not. Most primary standards are
specified as MCLs.

Primary MCLs

National Primary Drinking Water Regulations (NPDWR) (primary standards) establish legally
enforceable MCLs for particular contaminants in drinking water or required ways to treat the water to
remove contaminants. The MCLs for potentially harmful or toxic substances reflect maximum levels
that can be safely consumed in water, taking into consideration exposure to substances from other
sources. Categories of primary contaminants include the following:

e Microorganisms.

¢ Disinfectants.

¢ Disinfection byproducts.
e Inorganic chemicals.

e Organic chemicals.

e Radionuclides.

Primary standards protect PH by limiting the levels of contaminants in drinking water. States can
establish MCLs that are more stringent than those set by the EPA. Primary standards are part of the
SDWA'’s multi-barrier approach to drinking water protection (fig. 1-3).

Figure 1-3. lllustration of the SDWA'’s multi-barrier approach.

Secondary MCLs (SMCL)

In addition to the primary standards, the EPA has established National Secondary Drinking Water
Regulations (NSDWR) (secondary standards) that set non-mandatory water quality standards for 15
contaminants. The EPA does not enforce “SMCLSs.” They are established only as guidelines to assist
PWSs in managing their drinking water for cosmetic effects, such as skin or tooth discoloration or
aesthetic considerations, such as taste, color, and odor. These contaminants are not considered to
present a risk to human health at the SMCL. Even though these contaminants are not health
threatening at the SMCL, and PWSs only need test for them on a voluntary basis, secondary standards
give PWSs some guidance on removing these chemicals to levels that are below what most people
will find to be noticeable.

The EPA believes that if these contaminants are present in water at levels above SMCLs, the
contaminants may cause the water to appear cloudy or colored, or to taste or smell bad. This may
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cause a great number of people to stop using water from the public water system even though the
water is actually safe to drink.

Besides establishing SMCLs, the EPA also provides guidance, assistance, and public information
about drinking water, conducts studies, and oversees state drinking water programs. The
implementing regulations for the requirements of the SDWA are established by the EPA and are
found in Title 40 Code of Federal Regulations (CFR) parts 141 through 143.

o Title 40 CFR Part 141, National Primary Drinking Water Regulations: This regulation codifies
the specific requirements of the SDWA including MCLs, monitoring and analytical
requirements, reporting and record keeping, MCLGs, filtration and disinfection, control of
lead and copper, treatment techniques, and information collection requirements for PWSs.

o Title 40 CFR Part 142, National Primary Drinking Water Regulations Implementation: This part
sets forth regulations for implementing and enforcing the NPDWR contained in Title 40 CFR
Part 141. It establishes the roles and responsibilities of various implementing agencies in
monitoring and enforcing the requirements of the NPDWR and provides the implementing
structure under which states participate in the monitoring and enforcement of the NPDWR. It
outlines requirements for Indian tribes to participate in monitoring and enforcing the
NPDWR. Waiver and exemption procedures are described in this part, as are rulings by the
EPA Administrator applicable to compliance with the NPDWR. Finally, this part provides the
administrator’s findings regarding best available technology.

o Title 40 CFR Part 143, National Secondary Drinking Water Regulations: This part establishes
MCLs for secondary contaminants that typically effect aesthetic qualities and public
acceptance of drinking water. Examples of secondary contaminants include iron and total
dissolved solids (TDS) that affect the color of water and odor. These secondary standards are
not federally enforceable, but many states hold SMCLs as enforceable standards. For every
MCL that has been established, the EPA also lists a MCLG. The MCLGs are not enforceable
by law and represent the lowest desired contaminant level in drinking water that should be
achievable if PWSs use best available technology to remove contaminants from their system.

Most states have primacy to enforce their own SDWA programs. Under the SDWA, primacy is the
responsibility for ensuring that a law is implemented and authority to enforce a law and related
regulations (Title 40 CFR Part 142). Primacy is granted to state agencies if they can demonstrate
regulatory limits at least as stringent as federal regulatory limits. Some states have adopted limits that
are more stringent than federal limits. It is important for bioenvironmental engineers (BEE) to know
which agency has primacy at the installation because it determines which regulations and limits apply
to the base.

Installations outside the US and its territories must comply with the Department of Defense (DOD),
final governing standards (FGS) or environmental governing standards (EGS). Where these
documents do not exist, installations must comply with DOD Instruction (DODI) 4715.5-G, the
Overseas Environmental Baseline Guidance Document (OEBGD). In these situations, the major
command surgeon general (MAJCOMY/SG) serves as the primacy agent and is responsible for
establishing a program that is consistent with the direction outlined in Air Force Instruction (AFI) 48—
144, Drinking Water Surveillance Program.

BE is involved in a number of programs designed to protect the integrity of drinking water supply and
distribution. These programs include the Well Head Protection Program (WHPP), sanitary surveys,
water vulnerability assessments (WVA), backflow prevention, cross-connection, main break
responses and sampling, analysis, and monitoring. These programs all are explained in the sections
that follow.
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Well Head Protection Program

The SDWA includes the groundwater rule. The groundwater rule addresses the safety of groundwater
supplied PWSs. At the center of the groundwater rule is the WHPP. In this context, a well head is the
top of a drinking water supply well. As the name suggests, the WHPP is a program designed to ensure
protection of groundwater supplied by PWSs by protecting the area around the well head from all
types of contamination. Geologic features naturally protect most groundwater; however, wells and
other man-made or natural features (fissures, sink holes, etc.) can be conduits for contamination.

The WHPP is not a prescribed set of procedures; rather, it is a set of best management practices.
Collectively these practices, when followed, ensure water quality is maintained by the proper
management of land surface around a well or well field. Although there are still instances where
PWSs are contaminated from various agricultural, recreational, and/or industrial activities, the
incidence of these events has dramatically reduced since the groundwater rule and associated
adoption of the WHPP. Components of a WHPP include the following:

e Delineate the well head area. Using known or measured properties of the aquifer and the
surrounding area define the area needing protection.

e Inventory potential sources of contamination of the well or well field. Identify potential point
sources of pollution: industrial shops/processes, flightline operations, and potential hon-point
sources of pollution, pesticides, fertilizers, fuels, and oils form runoff.

e Develop a management plan to protect the well or well field. This is a plan that addresses all
actions necessary to protect the well head area given current and proposed base uses.

e Monitor groundwater. Strategically place groundwater-monitoring wells between sources and
the well. If a known area of contamination exists, place monitoring wells between the source
and the contamination to observe migration.

e Implement water conservation programs. Effective conservation plans, such as limited
residential watering during nighttime hours, can reduce the amount of water pulled from an
aquifer.

e Create a contingency plan to provide drinking water should the groundwater source become
contaminated. For the short term this can be as simple as providing bottled water and for long
term it could mean connecting to a local community or drilling new wells.

Base level responsibilities

The AF operates and maintains numerous groundwater wells on bases nationwide. At these locations
the installation is responsible for obtaining a state-issued license as a utility and must comply with all
aspects of the groundwater rule including the WHPP. Each installation’s WHPP should address
typical areas of concern such as runoff from the flight line, all operations within the entomology shop,
potential surface discharges from any base industrial operations, and golf course maintenance
operations. The program is implemented by members of the commander’s staff (BE, civil engineering
(CE), environmental management, judge advocate (JA), and public affairs [PA]) in organization with
federal, state, and local regulatory agencies, public and private suppliers of water, and the
surrounding community. Responsibilities related to drinking water are located in AFI 32-1067, Water
and Fuel Systems, and AFI 48-144.

Having a safe water source helps to ensure the mission is accomplished—in both garrison and
deployed environments.
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Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

801. Groundwater hydrology
1. Why is permeability of the subsurface rock important to the flow of groundwater?

2. Why are materials such as sand and gravel considered to be good aquifers for groundwater?

3. Ifawellis drilled into a confined aquifer, why is a pump not normally necessary for the water to
get to the surface?

4. Why are unconfined aquifers more vulnerable to contamination from surface activities?

802. Sources and characteristics of potable water
1. What is the benefit to an AF base buying drinking water from an adjacent city?

2. Even though much of the undesirable material in groundwater is filtered out during the passage
through underground layers of sand, clay, rock, and gravel, what is a major limiting factor in
using groundwater a source of drinking water?

3. Why is groundwater considered to be more advantageous than surface water as a source of
drinking water?

4. River water may be safe one day, but significantly contaminated the next. Why is this?

5. Why should the nature of a stream or lake be investigated to ensure its dependability as a water
source?

6. When are complete studies of a water source for adequacy and dependability necessary?

7. What can cause objectionable taste or odor in drinking water?
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8. Why must the range of alkalinity in water be controlled?

9. Why is it important to have adequate dissolved oxygen levels in drinking water?

10. What effect do chemicals and organisms have in polluted water?

11. When might drinking water require additional treatment other than chlorine?

803. Regulatory drinking requirements of the Safe Drinking Water Act
1. Why is it important to regularly test for microbial pathogens in the water distribution system?

2. How do primary drinking water standards protect PH?

3. Why is it important to know which regulatory agency has primacy for drinking water criteria at
the base?

4. What base drinking water standard(s) must be complied with for installations outside the
continental United States?

5. List four typical areas of concern that a base’s WHPP should address.

1-2. Storage and Distribution of Drinking Water

Drinking water, also known as potable water, is water that meets specific standards and considered
safe to consume by humans. Water that is not properly treated and disinfected can spread diseases
such as cholera, shigellosis, typhoid, and paratyphoid fever. Poor water quality or the limited
availability of water is not only debilitating to individuals, but can also have a major impact on AF
operational readiness. It is important to properly treat, distribute, and maintain drinking water and the
systems that support it.

804. Potable water system classification

The EPA classifies water systems to establish who is required to comply with 40 CFR Part 141
(NPDWR) and other regulations. System classification generally depends on the following:

e The number of people served.
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o Whether the system serves the same customers year-round or only on an occasional basis.

Since the NPDWRs only apply to systems that are considered PWSs, the first step is to determine if
the water system is classified as a PWS. To be classified a PWS, a water system must (1) have at least
15 service connections, and (2) serve an average of 25 or more individuals daily for 60 or more days
per year. [2]

A system that is considered a PWS must be further classified as either a community water system
(CWS) or a non-community water system (NCWS), and NCWSs are further classified as transient
systems (for short-term users) or non-transient systems (for long-term users). [3] The requirements
for each of these PWS classification types are described in the following table.

Public Water System Classification Requirements

Community Water System (CWS) e Serving at least 15 service connections used by
year-round residents.

e Regularly serving at least 25 year-round residents.

Non-Transient Non-community Water e IsnotaCWS.

System (NTNCWS
y ( ) e Regularly serving at least 25 of the same persons

over 6 months per year.

Transient Non-community Water System e IsnotaCWS.

(TNCWS)
e Does NOT regularly serve at least 25 of the same

persons over 6 months per year.

System classification has a significant impact on BE sampling and monitoring requirements. For
example, a TNCWS will typically have less stringent monitoring requirements since customers only
drink the water occasionally. In this case, customers may be exposed to low levels of contaminants on
an infrequent basis. In comparison, a CWS or NTNCWS requires more extensive monitoring due to a
customer’s potential exposure to the same contaminants, but over a longer, continuous period. [3]

Figure 1-4 is a flowchart that will assist you in determining system classification; however, the
primacy agency—the agency of the state or Federal Government that has primary enforcement
responsibility according to the SDWA—may have additional requirements or more inclusive
definitions, and state regulations should be checked when determining classification.
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Figure 1-4. Water System Classification Decision Tree. [3]

805. Drinking water treatment

Water treatment consists of adding or removing substances in order to produce a desired change in
quality. The amount and type of treatment applied varies with the source type and quality. Many
groundwater systems can satisfy all federal requirements without applying any treatment, while others
need to add chlorine or additional treatment. Because surface water systems are exposed to direct wet
weather runoff and to the atmosphere and are therefore more easily contaminated, federal and state
regulations require that surface water treatment, whereas groundwater often requires little or no
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treatment. A variety of treatment processes is used but the most common are filtration, disinfection,
and fluoridation.

Filtration

Conventional filtration is the most widely used technology to treat surface water to remove both
turbidity and microbial contamination, but may also meet or help meet other treatment objectives
such as color, taste, odor removal, and reduced byproduct formation. Major steps in conventional
filtration include:

o Coagulation.
e Flocculation.
e Sedimentation.[3]

Coagulation/flocculation

Coagulation and flocculation are discussed together because flocculation refers to combining or
coagulating small particles into larger particles. Alum and iron salts or synthetic organic polymers
(used alone or in combination with metal salts) are generally used to promote coagulation. The end
product is water in which the majority of the turbidity has been collected into floc, clumps of bacteria
and particulate impurities. The floc will then settle out in the sedimentation basin.

Sedimentation

After flocculation, the water and floc moves slowly through large basins known as sedimentation or
settling basins. This allows the floc to settle to the bottom of the basin. The floc that falls to the
bottom of the basins is mechanically removed, and any remaining floc that didn’t settle will flow out
of the sedimentation basin and be captured by the filters.

Disinfection

Disinfection is a chemical or physical process (e.g., chlorine, heat) that inactivates microorganisms in
the water, thereby preventing them from affecting the host, in this case, humans. Disinfection can
include the use of a primary and/or a secondary disinfectant as described in the table below.[3]

Disinfectant Type Description

e The objective is to achieve the desired inactivation of target microorganisms.

Primary Disinfectant | o  Applied at a point that allows for the required contact time to achieve the
desired inactivation of microorganisms.

e Provides longer-lasting protection against pathogens as water moves through
the storage and distribution systems to consumers.

Secondary

s e  Sometimes referred to as residual or secondary residual disinfection.
Disinfectant

e Typically applied at the clear well (above ground treatment reservoir) or as
drinking water leaves the water treatment plant.

Disinfection is a common type of water treatment system used at AF installations; however, other
treatment processes may include, but are not limited to corrosion and scale control, lime softening,
aeration, and carbon adsorption.[2]
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Disinfectants can react with naturally occurring materials in the water to form unintended byproducts
such as total trihalomethane (TTHM), which may pose health risks. [3] General disinfection methods
are defined in the following table.

Disinfection
Method

Description

Provides a
disinfectant
residual

No
disinfectant
residual

(i.e., not
suitable for
secondary

disinfection)

Not
commonly
used for
large-scale
disinfection
of drinking
water

Free Chlorine

Addition of gaseous chlorine, sodium
hypochlorite (bleach), or calcium
hypochlorite resulting in free chlorine
(hypochlorous acid and hypochlorite ion)

Chloramines

The addition of chlorine and ammonia
rapidly react to form the chloramines.

Chlorine
Dioxide

Has low persistence and concentrations
are limited by chlorite ion production;
used by only a few utilities with small
distribution systems.

Ozone

Used in water treatment for disinfection
and oxidation. Ozone is a powerful
oxidant, but only used for primary
disinfection, as a residual cannot be
maintained. The use of ozone as the
primary disinfectant can reduce
chlorinated disinfectant by-product
formation.

Ultraviolet
(Uv)

The photochemical reaction produced by
the UV damages the DNA and RNA
organisms, rendering them incapable of
replication. Advantages include no taste
or odor and no byproducts; however, the
disadvantage is there are no measurable
residuals to protect the water system
after the initial ultraviolet light treatment.
UV is used for final disinfection of water
in many water-bottling plants.

Potassium
Permanganate

Not used for primary or secondary
disinfection; is used to oxidize iron and
manganese for control of taste and odor
compounds, and for control of nuisance
organisms.

lodine

Use as a drinking water disinfectant is
generally limited to the individual level in
the field and during emergencies.

Bromine

Sometimes used as the disinfectant in
swimming pools.

Chlorine disinfection
Chlorine is a strong oxidizer and inactivates a wide range of pathogens found in water; therefore, is
used for both primary and secondary drinking water disinfection. Chlorine leaves a residual in water,
is easily measured and controlled, and is economical to use. However, chlorine use tends to result in
high levels of disinfection byproducts, and maintaining a disinfectant residual throughout the
distribution system can be problematic.[3]
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Free residual chlorination

When chlorine is added to water, it proceeds through a series of reactions as described in figure 1-5
below. The chlorine reacts first with inorganic and organic materials and metals in the water and is
not available for disinfection, also known as the chlorine demand. After the chlorine demand is met,
the remaining chlorine, called total chlorine, is divided into one of the following:

e Combined chlorine: the amount of chlorine that has reacted with inorganic (nitrates, etc.) and
organic nitrogen-containing molecules (urea, etc.) to make weak disinfectants that are
unavailable for disinfection.

e Free chlorine (sometimes known as chlorine residual, free chlorine residual, residual
chlorine): the chlorine that is left over and is available to for disinfection.

Figure 1-5. Chlorine Addition Flow Chart. [4]

It’s the presence of free chlorine in the drinking water indicates that:

1. A sufficient amount of chlorine was added initially to the water to inactivate the bacteria and
some viruses that cause diarrheal disease.

2. The water is protected from recontamination during storage.

Breakpoint chlorination

Breakpoint chlorination is the addition of chlorine to water containing ammonia to form and then
destroy chloramines. Chlorinating water-containing ammonia initially results in the formation of
chloramines. Continued addition of chlorine results in the destruction of chloramines (breakpoint
chlorination), followed by the presence of free chlorine.[3]
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Fluoridation

Fluoride is added to drinking water to prevent dental decay. The target population is children;
however, evidence has shown that fluoridation helps other age groups as well. The EPA has
established an MCL and MCLG of 4.0 milligram/liter (mg/L) to prevent adverse health effects and an
SMCL of 2.0 mg/L to control the risk of dental fluorosis (teeth staining). This is because excessive
consumption of fluoride over a lifetime may lead to increased likelihood of bone fractures in adults,
and may result in effects on bone leading to pain and tenderness. Children aged 8 years and younger
exposed to excessive amounts of fluoride have an increased chance of developing pits in the tooth
enamel, along with a range of cosmetic effects (e.g., stains) to teeth.[5] Optimal concentrations and
limits of fluoride in drinking water, recommended by the United States Public Health Service
(USPHS) and American Water Works Association (AWWA), have been correlated to the annual
average of maximum daily air temperature and are shown in the table below. Check primacy agency
and state PH regulations for local requirements or recommendations. Overseas installations should
comply with respective final governing standards (FGS) or the OEBGD.[3]

Annual Average of _Rec_ommend_ed_Limits for

Maximum Daily Air Fluoridation of Drinking Water, mg/L

Temperature, °F

Lower Optimum Upper
53.7 and below 0.9 11.2 1.7

53.8-58.3 0.8 11 1.5
58.4-63.8 0.8 1.0 1.3
63.9-70.7 0.7 0.9 1.2
70.8-79.2 0.7 0.8 1.0
79.3-90.5 0.6 0.7 0.8

Installations that produce their own water in whole or part shall add fluoride when children under age
10 are included in the service population. Primacy agency requirements take precedence over AF-
recommended fluoride levels. Where fluoride is added to drinking water, CE water operators sample
for fluoride as required by the primacy agency (typically sampling product water at the treatment
plant), and BE performs fluoride sampling in the distribution system using a primacy-approved
method. Further information on fluoride in drinking water can be found in

AFI 48-144 and the United States Air Force School of Aerospace Medicine (USAFSAM) Drinking
Water Surveillance Technical Guide.

806. Disinfection of new water mains, water main breaks, and repairs

Installation and repair of water mains provides the potential for direct contamination of the
distribution system. AFl 48-144, mandates that new or repaired potable water systems be disinfected
according to requirements established by the agency with regulatory primacy. BE’s responsibility in
this process is to make sure potable water lines are properly disinfected and the water is safe to drink
by performing all analytical tests to verify that the system meets the minimum bacteriological
standards. They also are responsible for determining if a health alert (e.g., a “boil water” advisory) is
needed.[3]

The main resource available for disinfection of water mains is the AWWA Standard C651-05,
Disinfecting Water Mains, the primary reference used for this lesson. The AWWA standard addresses
disinfection requirements for:

e Newly installed water mains.

¢ Mains that have been removed from service for repairs and maintenance.
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¢ Mains that continually show the presence of total coliforms (TC) (i.e., microbial
contamination). Mains that have undergone emergency repairs following pipe failure.

Other AWWA standards covering procedures for disinfection of system components include C652,
Disinfection of Water-Storage Facilities, C653-13, Disinfection of Water Treatment Plants, and
C654-13, Disinfection of Wells. Information on how to access AWWA standards is provided in
Appendix A of the USAFSAM Drinking Water Surveillance Technical Guide.

The forms of chlorine that may be used in disinfection operations, according to AWWA Standard
C651-05, Disinfecting Water Mains are:

o Liquid chlorine (contains 100 percent available chlorine).
e Sodium hypochlorite solution (5-15 percent available chlorine).

e Calcium hypochlorite granules or tablets (approximately 65 percent available chlorine by
weight).

New Line Installation

You must meet some general requirements when you install new water lines. The following is a list of
those requirements.

o Anewly installed line must be isolated until bacteriological tests are satisfactorily completed.
e Protect the interiors of pipes, fittings, and valves from contamination.

o Close the openings in the pipeline with watertight plugs when you stop laying pipe at the
close of the day’s work or for other reasons, such as rest breaks or meal periods.

¢ Never use contaminated material or any material capable of supporting growth of
microorganisms to seal joints.

e Sealing material or gaskets shall be handled in a manner that avoids contamination.

e [f dirt enters the pipe, it must be removed and the interior pipe surface swabbed with a
1 to 5 percent hypochlorite disinfecting solution.

e Ifitisnot possible to keep the pipe and fittings dry during installation, the water that may
enter the pipe-joint spaces should have an available chlorine concentration of approximately
25 mg/L.

¢ If the main is flooded during construction, clear the floodwater and the section exposed to the
floodwater should be filled with chlorinated potable water that, at the end of a 24-hour (hr)
holding period, has a free chlorine residual of not less than 25 mg/L. The chlorinated water
may then be drained or flushed from the main.

Methods of chlorination

Three methods of chlorination are (tablet, continuous feed, and slug) are used to disinfect water lines,
resulting in an absence of coliforms. The three methods attempt to provide flexibility in responding to
specific situations.

Tablet method

The tablet method consists of placing calcium hypochlorite granules or tablets in the water main as it
is being installed and then filling the main with potable water when installation is completed. This
method may be used only if the pipes and components are kept clean and dry during construction.
This method requires an initial chlorine concentration of 25 mg/L, a minimum contact time of 24
hours and free chlorine residual must be detectable after the holding period. If the water temperature
is less than 41°F (degrees Fahrenheit) (5°C [degrees Celsius]), the water must remain in the pipe for
at least 48 hours.
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During construction, calcium hypochlorite granules are placed at the upstream end of the first section
of pipe, at the upstream end of each branch main, and at 500- feet (ft) intervals. The tablet method
cannot be used unless the main can be kept clean and dry. It cannot be used in large-diameter mains if
it is necessary for a worker to enter the main to grout joints or perform inspection, because the tablets
may release toxic fumes when exposed to moist air. When using the tablet method, the chlorine
concentration is not uniform throughout the main because the hypochlorite solution is dense and tends
to concentrate at the bottom of the pipe. The tablet method is convenient to use in mains having
diameters up to 24 inches and requires no special equipment. [6]

Continuous-feed method

The continuous-feed method consists of placing calcium hypochlorite granules in the main during
construction (optional), completely filling the main to remove air pockets, flushing the completed
main to remove particulates, and filling the main with potable water. Because the continuous-feed
method can be used to flush particles and pre-chlorinate with calcium hypochlorite granules, this
method requires an initial chlorine concentration of 25 mg/L, a minimum contact time of 24 hours,
and a free chlorine residual of 10 mg/L after the 24-hour holding period. [6]

The continuous-feed method is suitable for general application. Preliminary flushing removes light
particulates from the main but not from the pipe-joint spaces. The chlorine concentration is uniform
throughout the main.

Slug method

The slug method is suitable for use in large-diameter mains where the volume of water makes the
continuous-feed method impractical and difficult to achieve for short attachments. This method
allows only a three-hour contact time, but requires a 100-mg/L initial chlorine dosage. This method
results in appreciable savings of chemicals used to disinfect long, large-diameter mains and reduces
the volume of heavily chlorinated water to be flushed to waste.

The slug method consists of the following:
e Placing calcium hypochlorite granules in the main during construction.
o Completely filling the main to eliminate air pockets.
e  Flushing the main to remove particulates.

e Slowly flowing through the main a slug of water dosed with chlorine to a concentration of
100 mg/L. [6]

Where practical, the section of the main in which the break is located shall be isolated and all service
connections shut off. The chlorinated water should remain in the pipe long enough to ensure a proper
contact time, typically 100 mg/L for three hours mentioned earlier. The dose may be increased to as
much as 300 mg/L and the contact time reduced to as little as 15 minutes. CE is responsible for
ensuring proper chlorine levels are maintained. After the proper chlorine level and wait time has been
achieved, the system goes through a final flushing to lower the chlorine concentration to levels
generally no higher than the level prevailing in the distribution system.

Sampling new water mains

o  After final flushing and before the new water main is connected to the distribution system,
two consecutive sets of acceptable samples, taken at least 24 hours apart, shall be collected
from the new main.

e At least one set of samples should be collected from every 1,200 ft (366 meters) of the new
water main, plus one set from the end of the line and at least one set from each branch.

o If trench water has entered the new main during construction, or if excessive quantities of dirt
or debris have entered the new main, take your samples at intervals of approximately 200 ft
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(61 meters). In such cases, the samples should be taken from water that has stood in the new
main for at least 16 hours after the final flushing is complete.

e Samples are tested for bacteriological quality according to Standard Methods for the
Examination of Water and Wastewater.

e Samples should show the absence of coliform organisms; and, if required, the presence of a
chlorine residual. Turbidity, pH, and a standard heterotrophic plate count (HPC) test may be
required.

o If the sample results from the lab indicate a measured HPC greater than 500 colony-forming
units (CFU) per milliliter (mL), flushing is resumed and another coliform and HPC set of
samples is taken until no coliforms are present and the HPC is less than 500 CFUs per mL.

[6]

Disinfection of existing lines

Many of the water systems serving AF installations have aged and experience a numbers of line
breaks over the course of a year. Additionally, accidental breaks associated with construction and
maintenance activities may occur. Regardless of the cause, line breaks are a potential contamination
source of the distribution system and need to be dealt with swiftly and properly. As stated previously,
BEEs collect bacteriological samples and determine if a health alert is needed.

CE typically provides personnel equipment and materials necessary to perform the repair and
disinfect the lines. CE is required to notify BE of any unusual events affecting the water distribution
system that could result in changes to water quality and potability including line breaks, new
connections, distribution system maintenance (e.g., cleaning reservoirs, storage tanks, hydrant
flushing), cross-connections, water treatment plant repairs, and chlorine and fluoride application
problems. However, it is a local decision as to whether BE should be notified following breaks
repaired under pressure (greater than or equal to (>) 20 pounds per square inch [psi]). [3] However, if
the water pressure falls below 20 psi, the water main must be disinfected and tested for coliform
bacteria before being placed back into service.

The following procedures, as described in AWWA Standard C651-05, apply primarily when existing
water mains are partially or completely dewatered. After the appropriate procedures have been
completed, the existing water main may be returned to service.

Trench treatment

When an existing main is opened, either by accident or by design, the excavation will likely be wet
and may be badly contaminated from nearby sewers. Liberal quantities of hypochlorite applied to
open trench areas will lessen the danger from this pollution. Tablet chlorination has the advantage in
this situation, because they dissolve slowly and continue to release hypochlorite as water is pumped
from the excavation.

Swabbing with hypochlorite solution

The interior of pipe and fittings (particularly couplings and sleeves) used in making the repair is
swabbed or sprayed with a 1 percent hypochlorite solution before being installed.

Flushing

Thorough flushing is the most practical means of removing contamination introduced during repairs.
If valve and hydrant locations permit, flushing toward the work location from both directions is
recommended. After repairs are completed, but before the main is chlorinated, the main is filled to
eliminate air pockets and flushed to remove particulates. Water mains are flushed at a velocity no less
than 2.5 ft per second (ft/sec). The AWWA Standard C651-05 provides information on the rates of
flow required to produce a velocity of 2.5 ft/sec for commonly used sizes of pipe.
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Final flushing is done to remove heavily chlorinated water after the chlorination steps (discussed
below) have been taken. The final flush lowers the chlorine concentration in the water to no higher
than the level generally prevailing in the distribution system.

Slug chlorination

The slug chlorination method described previously is an option for chlorinating new water lines is the
method used in disinfecting existing mains.

Bacteriological sampling

Take samples after repairs are completed (to include the final flush) to confirm the effectiveness of
the repair procedures and to verify the water in the distribution system is safe to drink.

e The sampling pipe is dedicated, clean, disinfected, and flushed prior to sampling.

e Samples for bacteriological analysis are collected in sterile bottles treated with sodium
thiosulfate, as required by Standard Methods for the Examination of Water and Wastewater—
9060 A. Collection.

e If positive bacteriological samples are recorded, evaluate the situation to determine corrective
actions to be taken.

¢ Daily sampling is continued until two consecutive negative samples are recorded.

e To minimize the impact on the customers, if a “boil water” advisory is not issued, testing
results do not have to be received before the line is placed back into service.

e If a “boil water” advisory has been issued, the bacteriological samples must be confirmed
negative before the “boil water” advisory can be lifted; however, the water still can be
released to customers to be used for everything except drinking.

e No hose or fire hydrant is used in the collection of samples; however, for pipe repairs, if no
other sampling port is available, well-flushed fire hydrants are used with the understanding
that they do not represent optimum sampling conditions.

e There should be no water in the trench up to the connection for sampling.

807. Health risk ratings for backflow and cross-connection areas

There are risk ratings related to backflow and cross-connection areas. In this lesson, we will discuss
backflow prevention and cross-connection control.

Backflow prevention program information

Water system designers and regulators have developed a number of safeguards to reduce the
likelihood of contamination, and the AF manages them through the Backflow Prevention and Cross-
Connection Control Program. [7] In order to understand the concept of backflow prevention, there
are a couple of terms that need to be understood.

e Cross-connection is any connection between a potable water supply system and any system,
fixture, or other device through which it may be possible for non-potable, polluted or
contaminated water, or other substances to enter the potable water system under any
condition.

o Backflow is the undesired reversal of water flow in the drinking water distribution system.
There are two types of backflow: backpressure and backsiphonage.

o Backpressure causes the backward flow of water in the distribution system due to an
increased pressure from a non-potable system. When systems containing non-potable water
(e.g., boilers or air conditioners) generate pressure that exceeds the supply pressure in the
distribution system, backpressure backflow occurs. For example, if a boiler containing
chemically treated water is connected to the potable water system and the pressure from the
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boiler exceeds the pressure in the potable system, then the chemically treated water will be
forced into the potable water system resulting in contamination.

o Backsiphonage is the backward flow of water in the distribution system due to decreased
pressure in the potable distribution system. The lower pressure is usually caused by a break in
a line, use of fire hydrants, or heavy water demand.

CE, through the base backflow program manager (BPM), has primary responsibility for this proactive
program. The BPM identifies, investigates, and documents all cross-connections on each installation,
and when possible, eliminates cross-connection hazards. If the BPM cannot eliminate the cross-
connection, appropriate backflow devices are used to mitigate the hazard.

The responsibilities of the base BPM and BEE, as defined in AFI 32-1067 are listed below. [7]

Backflow Prevention and Cross-Connection Control Program Responsibilities

Base Backflow Program Manager Bioenvironmental Engineering

e Manages backflow prevention program. e Provides technical assistance to support the
Backflow Prevention and Cross-Connection

e Identifies, investigates, and documents all
Control Program.

cross-connections.
e Assigns the hazard classification to each

e Manages cross-connections by eliminating .
cross-connection.

them when possible.
e Has responsibility for the backflow survey. * Recommends.approprlate protection for each
cross-connection.
e Follows up on corrective actions identified. . .
e Reviews all plans and drawings of new and
e Reviews all plans and drawings of new and modified water systems and facilities to
modified water systems and facilities to identify identify potential cross-connections.

potential cross-connections.

There have been numerous documented cases of cross-connection problems, which have resulted in
compromised water quality and PH. One such example took place in a high school in New Mexico. A
home economics teacher noticed that water in the potable system was yellow. Fortunately, the teacher
noticed the discolored water before school started that day and immediately covered all the water
fountains so that faculty and students wouldn’t drink the water. The school closed for several days as
an investigation was conducted. The chemical was identified as sodium dichromate, which is a toxic
form of chromium. Samples taken from the drinking fountains contained levels of chromium as high
as 700 ppm, significantly higher than the accepted levels of 0.05 ppm. The investigation disclosed
that chromium used in the heating system boilers to inhibit corrosion of metal parts entered the
potable water supply as a result of backflow through leaking check valves on the boiler feed lines. [8]

Water system backflow prevention/cross-connection surveys

CE personnel, under the supervision of the base BPM and with the assistance from BE personnel,
survey all facilities and water-using equipment and systems. Surveys are conducted on new facilities
before accepting the facility from the builder, and surveys of existing facilities are conducted
according to the following schedule:

e A complete survey is conducted every five years.
¢ Anannual survey of 20 percent of the facilities and devices.

NOTE: The annual survey program must ensure that no facility, system, or device goes longer than
five years without being surveyed.

BE personnel assign a hazard classification to each cross-connection using Uniform Plumbing Code
criteria and AFI 32-1067 and recommend appropriate protection for each cross-connection to ensure
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that potable water quality is maintained. The hazard classification will be either high hazard or low
hazard.

o High hazard: A high hazard, also defined as contamination, is an impairment of the quality of
the potable water that creates an actual hazard to PH through poisoning or through the spread
of disease by sewage, industrial fluids, chemicals, or wastewaters.

e Low hazard: A low hazard, also defined as pollution, is an impairment of the quality of the
potable water to a degree that does not create a significant hazard to the PH, but that does
adversely and unreasonably affect the aesthetic quality of potable water for potable use.

808. Base sanitary surveys

Large quantities of potable water are required on a continuous basis for drinking, firefighting,
decontamination, personal hygiene, sanitation, industrial operations and other base functions, and
these requirements can only be met if the water systems are properly designed, operated, maintained,
and monitored. Sanitary surveys are carried out to evaluate the following:

e The capability of a drinking water system to consistently and reliably deliver an adequate
guality and quantity of safe drinking water to the consumer.
e The system’s compliance with federal drinking water regulations. [9]

The EPA defines a sanitary survey as:

“An onsite review of the water source, facilities, equipment, operation and maintenance of
a public water system for the purpose of evaluating the adequacy of such source, facilities,
equipment, operation and maintenance for producing and distributing safe drinking
water.” [10]

Sanitary survey results show current and potential threats to water quality and system reliability. They
are used to examine and evaluate eight specific critical elements associated with water systems, as
identified by the EPA:

e Source (protection, physical components, and condition).

e Treatment.

e Distribution.

¢ Finished Water Storage.

e Pumps/Pump Facilities and Controls.

e Monitoring/Reporting/Data Verification.

e Water System Management/Operations.

e Operator Compliance with State Requirements. [3]

Although there are some similarities between sanitary surveys and WVA, there are some significant
differences as shown in the table below. [3]

Sanitary Survey vs. Water Vulnerability Assessment

Similarities Differences

e Seek to ensure safe drinking water is provided. | e The WVA incorporates assessment criteria

specifically designed to safeguard the system

from malicious acts, involves interactions with

o Involves many of the same stakeholders and the bas_e antiterr_orism officer (ATO) and Force
subject matter experts. Protection Working Group.

e Similar technical approach.

o Involves evaluation of common areas (system | ® The WVA requires information to be
design, integrity, etc.). documented in a format consistent with the AF

antiterrorism (AT)/Force Protection Program.




1-24

Sanitary Survey vs. Water Vulnerability Assessment

Similarities Differences

e Requires physical inspection of the entire e The WVA report is, in most cases, a classified
system. document.

e The sanitary survey involves a more in-depth
review of the water system operations &
maintenance and water monitoring programs,
as well as recordkeeping and reporting,
certifications, and other compliance-related
requirements.

Bioenvironmental Engineering role

AFI 48-144 states that BE will make sure a sanitary survey is performed to satisfy the requirements
of applicable regulations and standards. Also, BE is responsible for recommending measures to
maintain the sanitary quality of the base drinking water system. In most cases, the state has primacy
and will conduct the sanitary survey; however, in those instances where the state is not conducting a
sanitary survey, BE is responsible for completing it.

Requirements for overseas locations

Installations outside the US and its territories must follow country-specific EGSs/FGSs and/or the
OEBGD as applicable, and implement AFI 48-144 in compliance with the OEBGD or EGSs/FGSs.
Installations located in areas where no EGSs/FGSs exist must follow the OEBGD. Completing
sanitary surveys at AF overseas installations is, in most cases, a BE responsibility. [3]

The deployed environment presents unique challenges regarding PH concerns about drinking water.
Air Force Manual (AFMAN) 48-138_IP, Sanitary Control and Surveillance of Field Water Supplies,
provides detailed information on conducting water source sanitary surveys in a deployed
environment.

Frequency
Federal (EPA), OEBGD, or EGS/FGS timelines must be followed when conducting a sanitary survey.

Sanitary Survey Frequency within the United States and at Overseas Locations

United States 5
verseas
Water Source Community System Non-Community Locations
System
Surface water 3 years* 5 years 3 years
Groundwater under the direct influence 3 years* 5 years 3 years
of surface water
Groundwater 3 years** 5 years 5 years

* Community systems that have outstanding performance (as determined by the state) may have sanitary
surveys conducted every five years.

*Community systems that have outstanding performance (as determined by the state) or treat to 4-log (99.99
percent) inactivation of viruses may have sanitary surveys conducted every five years.

809. Performing base sanitary survey

According to the USAFSAM Drinking Water Surveillance Technical Guide, a sanitary survey is
conducted in three phases—planning, conducting, and reporting. However, it’s important to note that
once a survey is complete, follow-up actions, actions to correct identified deficiencies.
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Planning pre-survey
A properly conducted and thorough survey includes a review of eight essential areas. The order of the
eight elements is not meant to dictate the sequence of survey activities, but to offer a rational division
of the essential elements. The eight elements are:
1. Source (protection, physical components, and condition).
Treatment.
Distribution system.
Finished water storage.
Pump/pump facility and control.
Monitoring, reporting and data verification.
Water system operation and management.
8. Operator compliance with state requirements. [3]

No akkowd

Before conducting the onsite portion of a sanitary survey, actions should be taken to help determine
focus areas and timeline execution. The following is a list of items that should be reviewed:

e Previous sanitary survey report findings.
¢ Information about the physical facility.
e Compliance history of the facility.

e Treatment processes in place.

e Monitoring requirements.

e Water quality data.

e  Other relevant data. [3]

Following the pre-survey file review, generate a list of items to check in the field, and a list of
guestions about the system. Establish the format of the survey and estimate how much time it may
take to execute.

Conducting onsite surveys

The onsite portion of the base sanitary survey includes visiting the water supply source and source
facilities, pump stations, storage facilities, distribution system, sampling locations, and reviewing the
treatment process. One of the most important functions of the onsite portion of the survey is to
determine whether the existing facilities are adequate. Onsite visits should include a review and
verification of the capability, capacity, construction, operation, and physical condition of the system’s
facilities. [9]

Each of the eight elements that comprise the onsite survey is discussed below based on information
presented by the EPA; however, be sure to refer to the USAFSAM Drinking Water Surveillance
Technical Guide and other local requirements for additional considerations when conducting sanitary
surveys.

Element 1-Sources

The water supply source is the beginning of the drinking water system and can be a source of
contaminants, pathogens, and particles. Preventing source water contamination is an effective way to
prevent contaminants from reaching consumers. Source water protection also helps prevent
additional, potentially more costly, treatment to remove contaminants. The objectives of surveying
the raw water source are to:

e Review the major components of the source to determine reliability, quality, quantity, and
vulnerability.

o Determine and evaluate data that define the degradation potential of the source water quality.
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Element 2-Treatment

The types of treatment processes and facilities used to achieve safe drinking water are dictated
primarily by the quality of the source water and the regulatory requirements that must be met. Typical
groundwater treatment processes often contrast sharply with treatment for surface water sources
because all surface water and groundwater under the direct influence of surface water is assumed to
be contaminated by harmful microorganisms and will usually require additional treatment methods
that will physically remove the pathogens.

The treatment facilities and processes should be capable of removing, sequestering, or inactivating
physical, chemical, and biological impurities and meet the necessary requirements. The sanitary
survey should be used to:

e Analyze all the distinct parts of the treatment process.
o Review source water quality data that may impact the treatment process.
o Identify features that may pose a sanitary risk (e.g., cross connections in the plant).

o Review the criteria, procedures, and documentation used to comply with regulatory
requirements.

Element 3-Distribution system

A thorough inspection of the water distribution system is needed to determine whether it can provide
a safe, reliable, and adequate supply of drinking water. The objectives of surveying the water
distribution system are to:

o Determine the potential for degradation of the water quality in the distribution system.
o Determine the reliability, quality, quantity, and vulnerability of the distribution system.

e Ensure that the sampling and monitoring plan(s) for the system conform to requirements and
adequately assess the quality of water in the distribution system.

Element 4-Finished water storage

Finished or treated water storage facilities provide several benefits to distribution system operations.
First, they allow treatment facilities to operate at or near uniform rates, even though the demands of
the system may greatly fluctuate. Secondly, they supply the peak and emergency needs of the system.
Finally, they maintain an adequate pressure in the system, when designed for that purpose. Finished
water storage facilities also serve an important function in maintaining the quality of drinking water
ultimately received by the consumer. Proper design, operation, and maintenance of storage facilities
are critical to protecting stored water from loss of chlorine residual, bacteria regrowth, contaminant
entry, and other water quality problems.

Field surveys should be performed to verify the file information as well as to determine that the water
storage facilities are adequate and in acceptable condition. The objectives of surveying the finished
water storage facilities are to:

o Review the design and major components of storage to determine reliability, adequacy,
guantity, and vulnerability;

e Evaluate the operation and maintenance and safety practices to determine that storage
facilities are reliable; and

e Recognize any sanitary risks attributable to storage facilities.

Element 5-Pump/pump facility and control

In a water system, there are many applications that require pumps to move fluids (water, chemicals,
etc.) from one point to another. The objectives of surveying the pumps/pump facilities and controls
are to:
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o Review the design, uses, and major components of water supply pumps.

o Evaluate the operation and maintenance as well as safety practices to determine that water
supply pumping facilities are reliable.

o Recognize any sanitary risks attributable to water supply pumping facilities.

Element 6-Monitoring, reporting and data verification
An important part of any process that produces a product for the customer is quality control. For the
water industry, quality control consists of monitoring water from the source to the tap with in-house
as well as outside laboratory testing for confirmation. For most water systems, federal and/or state
regulations dictate the minimum scope of a water quality monitoring plan. The objectives of
surveying the water quality monitoring, reporting, and data verification are to:
¢ Review the water quality monitoring plan for conformance with regulatory requirements;
o Verify that the water quality-monitoring plan is being followed.
o Verify that all in-house testing, equipment and reagents conform to accepted test procedures.
e Consider whether any changes in monitoring frequency or location should be recommended.
e Verify the accuracy of the data submitted to the regulatory agency.

e Evaluate the procedures an operator follows to identify any problems with the process,
determine the changes needed to correct the problem, and identify how adjustments to the
process are approved and performed as needed.

Element 7-Water system operation and management

Management is a major factor that affects the performance of a water system. Management provides
the direction, funding, and support needed for a public water system to continually supply safe
drinking water. The objectives of surveying the water system management/operation are to:

e Review the water quality goals and evaluate plan(s) to accomplish or maintain the goals.

e Identify and evaluate the basic information on the system, management, staffing, operations,
and maintenance.

¢ Review/evaluate the plan(s) for safety, emergencies, maintenance, and security.
e Evaluate the water system revenue and budget to meet water quality goals.

Element 8-Operator compliance with state requirements

The overall goal of a water system is to provide an adequate supply, at an acceptable pressure, of safe
drinking water to the consumer. The system operators who make the operational, maintenance, and
administrative decisions are an essential part of this process. To meet this goal and the associated
challenges, water systems operators must be trained, certified (if required by the state agency), and
display a high level of competency. Suggested questions that aid in determining the competency of
operators and the criteria for operator certification include:

e Do operators know how to operate and maintain the system components?

o Does the system appear to be well operated and maintained?

e Are system personnel appropriately trained?

o Does the system employ an operator(s) of the appropriate certification level?

e Are operator certifications current for all system personnel?

o Are all personnel meeting the minimum renewal requirements for operator certification?

USAFSAM survey support

As mentioned previously, refer to the USAFSAM Drinking Water Surveillance Technical Guide and
other local requirements for additional considerations when conducting sanitary surveys.
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Additionally, USAFSAM has developed 15 separate checklists to assist in completing a sanitary
survey. The checklists are available on the Environment, Safety, and Occupational Health Service
Center Website and are designed to support in-depth sanitary surveys. The checklists fall into the
following categories:

o \Water system overview.

e Source water.

o Water treatment.

e Potable water storage.

o Water distribution system.

o Water system pumps and pumps facilities.

e Water contingency response.

e Water monitoring and reporting.

e \Water purveyor questionnaire.

e Water system management and operation.

Reporting post survey
Conducting a sanitary survey of the drinking water system is a very comprehensive and potentially
time-consuming process and must include documenting and reporting survey findings and
recommendations. The sanitary survey report officially communicates the results of the survey to the
owners and operators of the water system. The purposes of the survey report are to:

¢ Notify the water system owners and operators of system deficiencies.

e Request corrective action under a specified schedule.

e Provide a written record for future inspections.

e Provide important information that may be useful in emergencies.

The report should be completed promptly and reflect the information provided to the water utility
personnel at the end of the onsite evaluation. The survey report should include:
e The date the survey took place, and the name(s) of the individuals conducting the survey.
e The name(s) of those present during the survey.
e A drawing of the system and, where appropriate, photographs of key system components.
e A statement of system capacity, including source, treatment, and distribution.
e The findings of the survey, along with the signatures of the team members.
e Alisting of deficiencies.
¢ A summary of all analyses and measurements done during the survey.

e The recommended improvements to identified problems, in order of priority, with a timeline
for compliance.

e A copy of the survey form.
¢ A recommendation on whether a system has outstanding performance.
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The following table provides examples of significant deficiencies organized by each of the eight
essential sanitary elements. NOTE: These examples are intended for illustrative purposes only and
are not intended to be a complete list.

Minimum Sanitary
Elements

Examples of Sanitary Survey Deficiencies

Source

Activities or pollution sources in the immediate wellhead area that will cause
sanitary risks.

Cross-connections to storm drains, sanitary sewers, non-potable water
supplies, or a pump bearing cooling water.

e Unapproved water sources being used.

Treatment

System is not in compliance with applicable treatment technique
requirements.

Unapproved treatment chemicals used.

Cross-connections at chemical tanks, filter backwash, membrane cleaning
processes.

Distribution and
transmission

Repeated or frequent total coliform rule (TCR) violations or detections of
fecal indicators.

The TCR sampling plan is not representative of the distribution system.

Required disinfection residual levels are not met.

Finished water storage

The tank’s vents or overflows are not screened or protected.
In ground tanks subject to flooding.

The tank’s entry hatch or access ladders are not secured.

Pumps/pump facilities and
controls

The air/water relief valves provide a cross-connection to the floor drains.

Auxiliary power needed to keep the system under positive pressure during
commonly experienced power outages is not available.

Cross-connections to non-potable supplies, pump or generator cooling water
lines.

Monitoring, reporting and
data verification

Operators are using improper procedures and/or methods when conducting
onsite laboratory analyses.

The system does not have a compliance or microbial monitoring plan.

The system is not using a certified laboratory.

System management and
operation

System security is inadequate.

Failure to notify the state of MCL violations or groundwater source fecal
contamination.

Failure to comply with enforcement actions and compliance agreements.

Operator compliance with
state requirements

The operator is not certified at the level/grade required by the state.

Expired certification.

Inadequate number of operators.

810. Field drinking water

A major role for preventive medicine (PM) personnel from all Military Services during deployment is
to ensure that local drinking water sources are potable and palatable. AF PM personnel (i.e., BE) must
make sure water sources are safe from any event that would cause a major disruption in supply such
as deployment activities, natural disasters, or sabotage.
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BE personnel should consult AFMAN 48-138_IP, a multiservice publication to document policy,
standards, guidelines, and procedures, to ensure that water used by military and supporting civilian
personnel for drinking, showers and personal sanitation, and sanitation in the operational environment
(i.e., deployments/field operations) is of the highest quality possible, and that it is not harmful to
human health either in the short or long term. Refer to AFMAN 48-138_IP for additional guidance on
managing field water systems. [11]

AF roles and responsibilities

Although all military services have the same objectives, some policies and procedures may vary
because other services predominantly rely on field water assets common to forward operating bases,
whereas the AF is more often deployed to locations that are supported by more robust semi-fixed
water assets. In these situations, the AF approach will not differ significantly from those implemented
on most AF installations that use fixed water systems. In addition to using AFMAN 48-138_IP, AF
PM personnel (i.e., BE personnel) should also refer to AFI 48-144 to make sure all other applicable
surveillance requirements are met, to include conducting WV As using USAFSAM WVA deployment
checklists and protocols outlined in the WVA guide.

The following are BE-specific roles outlined in AFMAN 48-138_IP to meet PM field-water objectives:
e Perform drinking water quality surveillance.
e Support investigations of potential drinking water-related illnesses.
e Maintain records of drinking water quality surveillance.
e Ensure laboratories perform analyses using required analytical methods.
e Ensure sanitary surveys are performed and recommend measures to maintain quality.
e Ensure special surveys are conducted as warranted in the event of contamination.
e Ensure WVASs are completed using USAFSAM references.
e Monitor and approve aircraft watering points.
o Interpret results of water analyses and reports.
e Implement public notification procedures when results indicate a potential health threat.
e Conduct engineering reviews of repairs and modifications.
e Review construction/modification plans and drawings to assess potential health hazards.
e Support cross connection and backflow prevention program by classifying health hazards.
e Advise commanders on source water protection opportunities.
e Maintain drinking water analytical data records.

It is also important to understand base CE roles outlined in AFMAN 48-138 _IP, which are as follows:

e Design, construct, operate, and maintain drinking water systems.

e Coordinate all modifications/repairs to the drinking water systems with BE.

e Maintain an adequate supply of safe drinking water for the base populace.

e Protect supplies from unintentional contamination.

e Conduct drinking water treatment process control monitoring.

e Make sure a detectable disinfectant residual level is maintained in all parts of the system.

o Develop local operating instructions to include operational monitoring for process control,
sampling and testing procedures, emergency operations, maintenance, and OEBGD
requirements.

e Conduct a backflow prevention and cross-connection control program.

e Correct distribution system deficiencies identified through assessment or monitoring.

¢ Notify BE of any unusual events affecting the distribution system that could result in changes
to water quality.

e Coordinate contingency support plans and base recovery actions with BE.
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e Assist BE in developing and maintaining a sampling, analysis, and monitoring plan.

In the event a BEE or BE technician deploys in support of, or is co-located with, another military
service, refer to Part IV (Army Specific Guidance) and Part V (Navy and Marine Corps Specific
Guidance) of AFMAN 48-138_IP for applicable service-specific information and guidance.

Standards and guidelines

A PM role includes reviewing the results of water quality tests that are performed in the field as well
as at approved remote laboratories, and comparing those results to the appropriate military field water
standards (MFWS). If the water meets the standards, it may be declared potable and approved for
distribution to personnel for drinking and all other water uses.

There are two sets of MFWS, short-term potability (STP) standards and long-term potability (LTP)
standards. The standards are found in AFMAN 48-138_IP, a joint service technical manual.
Standards are set with no reference to the amount of water ingested each day, and are set at levels at
which some sensitive individuals might experience adverse short-term health reactions, but overall
unit performance and mission accomplishment should not be jeopardized.

In addition to the contaminants addressed by the MFWS, there are military exposure guidelines
(MEG) identified in the United States Army Public Health Command (USAPHC) Technical Guide
230, Environmental Health Risk Assessment and Chemical Exposure Guidelines for Deployed
Military Personnel, to help you assess exposures to toxic industrial chemicals (T1C) that may be
present in treated water.

Short-term potability standards

For water points producing bulk water during the first 30 days of field operations, treated water
considered potable can be approved by PM personnel for distribution if it meets STP standards. The
STP standards are designed to prevent acute illness and support mission readiness, and most of the
STP standard parameters can be measured using field water test equipment.

Long-term potability standards

After 30 days of water production point operation, all shortfalls in equipment and operational
monitoring should have been addressed; therefore, water produced after the first 30 days may only be
approved as drinking water if it meets the more stringent LTP MFWS. These standards are based on
the current US EPA NPDWR/NSDWR established in Title 40 CFR Parts 141 and 143. The LTP
standards apply to treated drinking water whether it is in storage; distributed by pipes, vehicles, or
trailers; or packaged and distributed by military or contractor systems and personnel.

Microbiological field water standards (short and long term)

The military standards for microbiological water quality standards apply to drinking water systems
regardless of the length of time they have been in operation. They include TC as a monitor of
operating system integrity and possible environmental and sample handling contamination. It does not
necessarily represent potential pathogen contamination to the extent that the presence of Escherichia
coli (E. coli) does. The presence of E. coli is a very strong indicator of fecal contamination and,
therefore, warrants more concern.

Military exposure guidelines

USAPHC Technical Guide 230 contains water MEGs that may be used to assess potential acute and
chronic adverse health risks for personnel who drink water that contains TIC contaminants that either
exceed or do not have LTP standards. The water MEGs are, with few exceptions, equal to or less
conservative than corresponding LTP standards; however, the MEGs include many chemicals that do
not have LTP standards. The MEGs also address different drinking durations (7-day, 14-day, and up to
1 year) and drinking rates (5 and 15 liters per day) than the MFWS.
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PM personnel identify the presence of these contaminants in field water by collecting and submitting
samples, usually to a remote laboratory, for advanced water testing (AWT). The analytical results
from AWT or special testing are then compared to the USAPHC TG 230 water MEGs to assess the
potential health risk from any chemicals identified, and used as a basis for making risk-mitigating
recommendations to commanders.

Bottled water standards

The STP and LTP standards apply to military- and contractor-produced field drinking water that is
used to fill onsite, remote, or mobile water storage units; water that is pumped through tactical water
distribution systems; and water that is bottled or packaged by contractor and military systems and
personnel. The USAPHC is responsible for inspecting and approving bottled water facilities and
operations for all Military Services. Information about approved water sources can be found by
visiting the USAPHC drinking water Website. [12]

e Storage: Bottled and packaged field water should not be stored in direct sunlight because the
light and warmth support bacterial growth. Bottles and packages of water should be stored in
shaded, well-ventilated areas and in boxes which keep the caps elevated. Stored
bottled/packaged field water should be used on a first in, first out basis, to keep the holding
time as short as possible.

o Commercially Bottled Water: Commercially bottled water usually has a labeled shelf life of 1
year or more. It may continue to be stored and issued indefinitely beyond its expiration date, if
necessary, as long as preventative medicine or veterinary service personnel test representative
samples of lots as described below, and approve the expiration date/shelf life extensions.

e Packaged Field Water: The initial approved shelf life or expiration date for these
packages/bottles, unless prescribed otherwise by PM or veterinary service (VS) personnel, is
30 days from the date of production. Shelf life or expiration dates may not be printed on
packaged field water containers or labels. However, at least the production date should be on
the bottle, package, or label. Expiration dates may be extended indefinitely in 30-day
increments by PM or VS inspectors.

Non-potable water

Water from any untreated or treated source (including bottled water) that has not been tested and
determined by the appropriate medical authority to be safe for deployed personnel to drink is
considered non-potable. The water may or may not be truly safe to drink. The PM personnel can
recommend authorizing the use of non-potable water for showers and personal sanitation after the
associated risks have been assessed and found to be acceptable; however, non-potable water storage
tanks, taps, and spigots that have been approved for showering and personal sanitation must be
labeled to warn personnel not to drink the water.

Palatable water

Palatable water is water that is pleasing to the senses. Palatability is evaluated in terms of
temperature, color, taste, and odor, and acceptable levels for these parameters are included in the STP
and LTP MFWS. Water may be palatable and yet not be potable—it may look and taste good, but still
have the potential to cause sickness. On the other hand, potable water may not taste, look, or smell
good. The goal of military water systems is to provide adequate quantities of drinking water that it is
both potable and palatable.
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Emergency drinking water

Drinking water standards do not apply when personnel are cut off from supply lines and
military-approved water is not available. In such cases, each individual should select the
clearest, cleanest water with the least odor available, and treat the water by one of the
following:

lodine: lodine water purification tablets (National Stock Number (NSN) 6850-00-985—-7166)
are intended to disinfect water in small containers such as canteens or water jugs. The tablets
are composed of an iodine compound and are available through the Federal Supply System in
bottles of 50 tablets. The tablets are subject to deterioration in storage. They must be
inspected for signs of physical change before they are used; otherwise, they may not disinfect
the water.

Boiling: Boiling is an expedient means of disinfecting small quantities of water when no
other means is available. To be effective in killing most disease-producing organisms, the
water must be held at a rolling boil for 5 minutes at sea level. At sea level, water boils at 212
°F or 100 °C. To achieve the same microbiological kill at higher elevations, the water must be
boiled for longer periods.

Chlor-Floc: Chlor-Floc is an emergency disinfectant mixed with a settling aid that helps
remove dirt and other suspended particles from water by flocculation and sedimentation. If it
is available, it should be used when the water to be treated is cloudy or discolored and the
operational situation is such that the treatment bag can remain motionless for the required
settling period and can then be filtered.

Household bleach: When calcium hypochlorite is not available to disinfect bulk supplies,
commercial household chlorine bleach (unscented sodium hypochlorite) can be used in its
place. Household bleach is normally a 5 percent or 50,000 mg/L chlorine solution. In general,
add two drops of bleach per quart of water to be disinfected and let it stand for 30 min before
drinking.

Marine Corps-approved individual water purification system (IWPS): Marine Corps System
Command has fielded the IWPS to be used for emergency disinfection of an unapproved
water source. The IWPS includes a 3-liter hydration bag and Mountain Safety Research, Inc.
(MSR®)/CamelBak® in-line hollow fiber and charcoal filters to be used in conjunction with
the MSR MIOX Purifier, also known as the MSR MIOX Pen. The manufacturer’s operating
instructions must be followed exactly to ensure adequate disinfection.

Potable and non-potable water uses

Potable water should be used for nearly all military water-requiring activities if it is available. From a
military health perspective, potable water must be used for all activities in which there is a significant
risk to a Military Service members’ well-being from doing otherwise. These include drinking,
cooking, brushing teeth, shaving, and making ice that contacts food. Potable water should also be
used for showering because of exposure to cuts and scratches, incidental ingestion, and breathing of
volatile or aerosolized material, all of which may allow contaminant entrance into the body. However,
disinfected water of less than drinking water quality may be used for showering, personal sanitation,
personnel decontamination, and heat casualty cooling, after an appropriate health risk assessment of
the proposed water supply is performed by PM personnel and the action is approved by the
commander, as shown in figure 1-6 below.
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Figure 1-6. Typical Uses of Different Classes/Qualities of Water in the Field. [11]

Water source selection

The PM personnel perform a number of important missions during deployment operations, one of
which is selecting a viable source of water. There are two kinds of water sources that may be found in
the field:

e Raw water sources that must be treated and/or disinfected before use.
e Water that has already been treated and is approved for use.

Raw water may be available from many different sources in the field including surface water (rivers,
streams, ponds, lakes, rain, ice, snow, seas, and oceans), groundwater (wells or springs), and in some
cases, from municipal water treatment systems located in the deployment area. Given a choice, it is
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important to select the raw water with the best quality available as a source for any water treatment
system. Military doctrine dictates that water from all raw water sources and host nation municipal
drinking water systems, regardless of how clean they may appear, is non-potable until it is shown to
meet the appropriate MFWS, and/or is approved by PM personnel for drinking. In many modern
military operations, locally produced bottled water may be readily available. It likewise must be
approved by VS to be sure it is safe to drink.

Source selection guidelines

Source selection initially involves reviewing medical intelligence information to help identify and
select the best water sources to use for field water production. However, since the accuracy of the
intelligence concerning those sources needs to be physically confirmed, final selection of a raw water
source requires:

e Anonsite source water reconnaissance survey.
e Raw water characterization.

A raw water source sanitary survey involves examining the proposed water source and the
surrounding area for existing and potential sources of pollution and evidence of contamination. If
visible evidence of contamination such as dead fish, rotting vegetation, oil film or sheen, floating or
submerged garbage, or discharges from industrial areas is observed, a different source should be
considered. If that is not possible, control measures must be implemented to minimize existing or
potential exposure to contamination. There are a number of items that should be considered when
surveying and comparing water sources.

Raw Water Source Parameter Reconnaissance Considerations

Water quantity Is the source permanent or intermittent, depending on season,
temperature, or other factors (human controls such as dams)? The
greater the source flow and volume, the lesser the impact from added
toxic substances (intentional or accidental).

Pollution sources nearby or Landfills; agricultural and livestock wastes; industrial discharges;
geographically located so that petroleum refineries, distribution, or storage systems; domestic
runoff/discharge may reach the sewage discharges.

source by surface runoff or
subsurface movement

Visible evidence of contamination Dead fish or vegetation, excessive algae growth, oil slicks/sludge, or
strange-colored soil or surface residues.

Potential for contamination from Upstream industrial facilities with significant quantities of toxic

accidents or hostile action industrial chemicals; toxic industrial chemical transportation routes in

upstream watershed area; upstream area controlled by hostile forces.

Information from local populations Smells, tastes, health effects and/or endemic water-borne diseases.

It is important to select the least-contaminated source water available for treatment because of the
uncertainty in efficiency of rejection of industrial organics in military treatment systems. Surface
waters immediately downstream from municipal or industrial outfalls should be avoided, and outfalls
from petrochemical complexes are of particular concern. Also, although an undamaged and properly
operated reverse osmosis (RO) membrane removes a significant percentage of all microbiological
organisms, it is important to avoid source water that may contain human or other animal wastes since,
for the most part, RO membranes have not been specifically tested for removal of bacteria, viruses,
and parasites such as Giardia or Cryptosporidium cysts.

Using host nation municipal water systems

Where a host nation municipal water system is identified as a potential water source for deployed
personnel, it must be considered a raw water source until it is approved by PM personnel for drinking
or other uses that would normally require the water to be treated. If trying to use a host nation
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municipal water system, assess the performance and overall condition of the municipal treatment and
distribution system that will serve as the water source, to include assessing the potential for accidental
or intentional contamination of the water system. It’s important to conduct as thorough an analysis
and assessment as the tactical mission allows.

To be considered for use as drinking water without additional treatment, the water must meet the STP
standards for the first 30 days of use, after which the water must meet the LTP standards. The list of
STP and LTP requirements is available in AFMAN 48-138 IP.

For a host nation municipal water system to be considered for use as non-potable shower and personal
sanitation water, the water must meet the criteria in the table at the end of this lesson. The
presumption is that the exposure to the water and any contained impurities are almost exclusively
through contact, and that little or none of the water is ingested. When samples of these waters are
submitted for AWT, PM personnel perform a health risk assessment for each parameter that exceeds
an MFWS or MEG; however, a risk assessment of this should consider that the exposure primarily is
contact with skin, and therefore includes minimal ingestion, inhalation, and eye contact.

Field water treatment and Disinfection

Typical field water treatment processes include straining; chemical addition; coagulation;
sedimentation; various kinds of filtration including multimedia, cartridge, microfiltration, and
ultrafiltration; RO; carbon adsorption; and ion exchange.

Military reverse osmosis water purification units (ROWPU)

Currently, most of the water purification systems in the US Military Services employ RO membranes
to provide the ultimate barrier to chemical, microbial, organic, and radiological contaminants. When
functioning properly, the membranes remove essentially all pathogens and reduce the concentrations
of many dissolved chemicals of concern. Military ROWPUs employ chemical addition and filtration
systems ahead of the RO cartridges to remove impurities that can rapidly clog the membranes, and
also have post-RO cartridges of ion exchange and carbon filters that can be connected to remove
chemicals that may pass through the RO membranes. The ROWPUs are designed to treat fresh and
sea water (fig. 1-7).

There are many different kinds of RO membranes, and their abilities to remove impurities from water
differ. Generally, the higher the pressure required to force water through the membrane, the “tighter”
the membrane is, and the more efficient it is at removing impurities; however, it is important to note
that not all contaminants are removed that well.

It is important to disinfect the ROWPU product water in order to provide measurable free available
chlorine (FAC) residual for operational monitoring and PM surveillance purposes and some
protection against accidental post-treatment contamination by pathogenic microorganisms. A
sufficient amount of disinfectant needs to be added to ROWPU-treated water at the production site to
provide a 2.0 mg/L (or ppm) FAC residual after a 30-minute contact time.
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Figure 1-7. AROWPU set up at Holloman AFB.

Commercial/contractor-operated water treatment systems

Commercial contractors frequently produce water for deployed personnel in the operational
environment. Contractors may operate military ROWPUSs or may set up and operate their own water
treatment equipment and systems. Contractors who operate water systems must provide information
that allows PM personnel to assess the capabilities and effectiveness of their water collection,
treatment, storage, and distribution operations. Contractors must be able to provide documentation
upon request that demonstrates the chemicals and materials they use have been appropriately tested
and certified.

Chlorine disinfection

Chlorine is the preferred military water disinfectant and is normally specified for military use, and the
most common chemical for bulk water disinfection is calcium hypochlorite that is approximately 68
to 70 percent FAC. No other disinfectant has been shown to be as acceptable or adaptable for field
potable water treatment operations. For example, although ozone and UV radiation may be excellent
disinfectants, they do not provide a measurable residual for post-treatment contamination or control
microbiological regrowth like chlorine does, and so are not as desirable for use in the field. The BE
personnel will determine the adequacy of other disinfectants that are encountered in the field,
available locally, and/or used by contractors. The most important variables in the effectiveness of
chlorine disinfection of drinking water are:

e Chlorine dose—amount added per unit volume of water.

e Chlorine demand—amount per liter of water that reacts with inorganic and organic matter.
e Residual concentration—amount left over and is available for disinfection.

e Contact time—the time needed for chlorine to react with and inactivate microorganisms.
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The following table provides information on the recommended field water chlorine residuals, with
supporting information in the paragraphs that follow.

Field Water Recommended Chlorine Residuals

Action/Location

Chlorine
Residual

Comments

Potable Water Requirements

Point of production and initial 2 mg/L FAC | After a 30-minute contact time

distribution into storage or

transportation containers, or into a

distribution system

Delivery to secondary storage or 1 mg/L FAC | If between 0.2 and 1 mg/L, chlorinate to

distribution containers and systems 1 mg/L and deliver. If less than 0.2 mg/L, chlorinate to 2
mg/L and ensure that at least 1 mg/L FAC remains after
30 minutes

Delivery to unit level storage 1 mg/L FAC | If between 0.2 and 1 mg/L, chlorinate to

containers (e.g., water buffaloes, 1 mg/L and deliver. If less than 0.2 mg/L, chlorinate to 1

5-gallon containers) mg/L and ensure that at least 1 mg/L FAC remains after
30 minutes

Filling canteens, personal hydration | 0.2 mg/L If less than 0.2 mg/L (or lowest measurable value),

systems, and other individual-use FAC chlorinate to 1 mg/L and ensure that at least 1 mg/L FAC

containers remains after 30 minutes

Bottled water No Must be from VS-approved vendor

requirement
Packaged field water — when filling | 1 mg/L FAC | Use of a lower or no residual after disinfection may be

package (pouch, bottle, or other
container)

acceptable, but only after VS and/or PM evaluation of
equipment, operations, and water quality

Fresh Water Approved for Drinking

Groundwater approved by PM for 2 mg/L FAC | After a 30-minute contact time, prior to distribution
drinking after only disinfection
Emergency only — Disinfecting 5 mg/L FAC | After a 30-minute contact time. Alternate emergency

natural surface water, or well water
under the direct influence of
surface water, for drinking — no
other treatment available

treatment is boiling fresh water for 5 minutes. Where
Cryptosporidium parvum is suspected to be present in
untreated water, boiling is the recommended emergency
water treatment method because of the relative
ineffectiveness of chlorine and iodine against that
organism

Non-potable Water for Showers and Personal Sanitation

Point of production and initial 1 mg/L FAC | After a 30-minute contact time

distribution into storage or

transportation containers

Delivery to intermediate storage or | 1 mg/L FAC | If used

distribution containers and systems

Deliver to unit level containers 1 mg/L FAC | e.g., shower point storage containers

Recycled water 1 mg/L FAC | See chapter 9 of AFMAN 48-138_IP for details

ROWPU-treated drinking water, both military and contractor-operated, must have a 2.0-mg/L FAC
residual after a 30-minute contact time.
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Drinking water treated by methods other than a ROWPU has the following requirements:

o If the treatment removes turbidity, cysts, and spores, and the treated water can meet STP and
LTP standards, 2 mg/L FAC with a 30-minute contact time is acceptable.

o If the treatment will not effectively remove cysts and spores, a 5.0 mg/L FAC residual after a
30-minute contact time should be achieved.

Bulk water issue points along tactical distribution systems, at tank farms, and during bulk transport
should be maintained at a chlorine residual level of 1.0 mg/L as much as possible.

Unit level storage containers (e.g., water buffalo, 5 gallon containers) must be maintained at least a
0.2 mg/L FAC residual level after meeting the 1.0 mg/L chlorine residual requirement for the delivery
of water, as shown in the table above. The intent of this requirement is to provide water that is both
potable and palatable. If the chlorine residual falls below 0.2 mg/L, the water in the container should
be chlorinated to raise the residual to 1 mg/L after a 30-minute contact time before it can be issued to
personnel again.

Fresh water should have a 2 mg/L FAC residual for 30 minutes before drinking when only
disinfection is available as a treatment method. If Giardia or Cryptosporidium are known or expected
to be present in the source water, at least 5 mg/L for 30 minutes is advisable. Individual water
purifiers may be used for short periods when necessary.

Chlorine residual measurement frequencies

Military and contractor water treatment system operators, water delivery personnel, trained unit
personnel, and PM personnel, as appropriate, should measure chlorine residuals at the times and
frequencies shown in the table below. The measurement times and results should be recorded and
reported in accordance with unit and command policy.

Chlorine Residual Measurements

Location Frequency Tested by

Every 30 minutes during water

production operations ROWPU operators

Potable water purification points

Bulk potable water distribution points At times of receipt and bulk loading Water treatment system

operators
Non-potable shower and personal At least every hour during water
L O . . Water treatment system
sanitation water treatment/chlorination production and at the time of bulk
. . operators
points loading for transport
At the time of delivery/receipt and at
Field shower and personal sanitation least two additional times daily Water treatment system
water storage points (recommend prior to periods of high | operators
use)
Unit potable water storage At least twice daily Trained unit-level personnel

Prior to beginning food preparations

Food service personnel
for each meal

Food Service water supply

Chlorine dose calculations and measurements

The following tables provide volumes in drops (dp), milliliters (mL), teaspoons (tsp), tablespoons
(tbls), cups (cp), quarts (qt), and gallons (gal) of liquid bleach, dry chlorine granules (high test
hypochlorite [HTH]), and a concentrated calcium hypochlorite solution that, when added to the
indicated volume of water, will provide the approximate chlorine dose (in mg/L) indicated. The
chlorine residual achieved using these values will depend on the chlorine demand exerted by the
water that is chlorinated. If there is no chlorine demand, the residual should equal the dose. The
greater the chlorine demand, the lower the residual will be. Note that for all chlorine residual




1-40

concentrations in water, values in ppm are equivalent to values in mg/L (for example, 10 ppm = 10

mg/L).

when added to the corresponding gallons of water

Volume of 5 percent liquid bleach (typical household bleach) required to obtain a specific chlorine dose

Chlorine Dose

Gallons of
HELET 1 mg/L 2 mg/L 5 mg/L 10 mg/L 100 mg/L
5 6 dp 0.75mL 1.9mL 3.8mL 8 tsp
10 0.75mL 1.5mL 3.8mL 1.5tsp 16 tsp
25 2mL 3.8mL 2 tsp 4 tsp lcp
36 3mL 55mL 2.75 tsp 2 tbls 1.25c¢cp
50 4 mL 1.5tsp 4 tsp 3 thls 1.75cp
100 7.7 mL 3tsp 3 thls 5 thls 3.25¢cp
400 2 thls 4.25 thls 0.75cp 1.5¢cp 3qt
500 3 thls 0.33cp lcp 1.75cp 1 gal
1000 0.33cp 0.67 cp 1.75cp 3.25¢cp 2 gal
2000 .66 cp 1.34cp 3.5cp 6.5 cp 4 gal

For example, if 50 gallons of water need to be disinfected and the required chlorine dose is 5 mg/L,
use the table above to find the corresponding volume of 5 percent liquid bleach. For 50 gallons of
water and chlorine dose of 5 mg/L, the required amount of 5 percent liquid bleach is 4 teaspoons.

when added to the corresponding gallons of water

Volume of 70 percent HTH (or solution concentrate?) required for to obtain a specific chlorine dose

Chlorine Dose

Gallons of
Water 1 mg/L 2 mg/L 5 mg/L 10 mg/L 100 mg/L
5 0.9 mL 1.7 mL 4.1 mL 8.3 mL 0.25 tsp
10 1.7 mL 3.3mL 8.3 mL 16.6 mL 0.5 tsp
25 4.1 mL 8.3 mL 20.7 mL 41.4 mL 1.25 tsp
36 6 mL 11.9mL 29.8 mL 0.9 mL 1.75 tsp
50 8.3 mL 16.6 mL 0.6 mL 0.25 tsp 2.51tsp
100 16.6 mL 33 mL 0.25 tsp 0.5 tsp 5tsp
400 0.92 mL 1.9mL 1tsp 2 tsp 19 tsp
500 1.3mL 0.5 tsp 1.25tsp 2.51sp 0.5cp
1000 0.5 tsp 1tsp 2.51tsp 5tsp lcp
2000 1tsp 2 tsp 5 tsp 10 tsp 2cp

Note: 1The shaded area of the table indicates the volume of a concentrated solution made from dissolving 1 tsp
of HTH in a half canteen cup (1% cups) of water.

The liquid volume conversion table, below, is useful in converting from one unit of measurement to
another. It shows equivalent values for common units of measurement. Units (e.g., mL, tsp, tbls)
increase from left to right and top to bottom. All volumes on the same horizontal line (row) are equal.
For example, the “ounce” row shows that 1 ounce (0z), 444 dps, 30 mL, 6 tsp, and 2 tbls are all equal
volumes. Continuing to the right on the same row indicates that 1 oz. is also equal to 0.125 or 1/8th
cp, 0.063 pints (pt), 0.031 quarts (qt), and so on across the table.

Liquid volume conversions

drop mL tsp tbls ounce cup pint quart liter gal
drop 1 0.067 | 0.013 0.004 | 0.002
mL 15 1 0.200 0.067 | 0.033 | 0.0042 | 0.0021 | 0.0011 | 0.0010
tsp 74 5 1 0.333 | 0.167 0.021 0.010 0.005 | 0.005 | 0.001
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Liquid volume conversions
drop mL tsp tbls ounce cup pint quart liter gal

tbls 222 15 3 1 0.500 0.063 0.031 0.016 0.015 0.004
ounce 444 30 6 2 1 0.125 0.063 0.031 0.030 0.008

cup 3550 237 48 16 8 1 0.500 0.250 0.240 0.063

pint 7100 473 96 32 16 2 1 0.500 0.480 0.125
quart 14200 946 192 64 32 4 2 1 0.960 0.25

liter 15000 | 1000 203 68 34 4.2 21 1.06 1 0.26

gal 56775 3785 768 256 128 16 8 4 3.785 1

Fraction to Decimal Conversions
Fraction | Decimal Fraction | Decimal
1/16 0.0625 9/16 0.5625
1/8 0.125 5/8 0.625
3/16 0.1875 11/16 0.6875
Ya 0.25 3/4 0.75
5/16 0.3125 13/16 0.8125
3/8 0.375 7/8 0.875
7/16 0.4375 15/16 0.9375
s 0.500 16/16 1.00

If the volume and/or concentration are not in the tables above, use the following equations to
calculate the volume of required bleach, HTH, or concentrated calcium hypochlorite solution in mL;
then use the liquid volumes conversion table to convert that volume in mL for use with the best
measuring device available.

For HTH

Step 1
grams HTH = desired mg/L chlorine x gallons to be treated x 3.785 L/qgal
1,000 mg/g x (percent available chlorine in HTH/100)

Step 2
mL HTH = grams HTH (use result from Step 1)
HTH density in g/mL (typical density is 2.35 g/mL)

For Liquid Bleach

mL liquid bleach = desired mg/L chlorine x gallons to be treated x 3.785 L/qgal
1,000 mg/mL x (percent chlorine in bleach/100)

Household bleach is normally a 5 percent (50,000 mg/L) chlorine solution. Calcium hypochlorite,
commonly referred to as HTH, typically contains 68 to 70 percent by weight of available chlorine
when fresh. Because of this, the above formulas can be simplified to the following formulas:

For liquid bleach (~ 5 percent available chlorine)

mL required = desired mg/L chlorine x number of gallons to be treated
13.2

For HTH (~70 percent available chlorine)

mL required = desired mg/L chlorine x number of gallons to be treated
434.6
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For a calcium hypochlorite solution made from adding 1 level tsp HTH to half a canteen cup of
water:
mL required = desired concentration in mg/L x number of gallons to be treated

6.04

For example:

Chlorinating 10 gallons of water with a dose of 5 mg/L chlorine requires the following, using the
simplified formulas:

5x10=38mL (5 percent bleach)

13.2

5x10=0.115mL (70 percent HTH), or

434.6

5x10=8.3mL  concentrated hypochlorite solution made from 1 level tsp HTH in
6.04 half a canteen cup (1 % cups) of water

Field water sampling

As soon as possible after field water treatment and disinfection operations at a water production point
are fully functional, PM personnel need to:

e Inspect and test the water system to ensure water meets STP standards.
e Collect and submit treated water samples for initial LTP testing.

o Collect and submit raw source water samples (if not already done) to characterize the raw
water source.

STP and initial approval

The procedures involve PM onsite testing using field test kits since most of the parameters listed in
the STP standards can be measured using field water test equipment organic to PM field operations.
For example, use the Hach 2400 water testing kit (or equivalent) to test for the chemical parameters,
follow EPA-approved testing method (i.e., membrane filter technique, Colilert® and Colisure®) to test
for the presence/absence of coliforms and E. coli, and use the M272 chemical agent water testing kit
to screen raw water supplies for the presence/absence of chemical agents.

If the field test results confirm that the treated water meets the STP standards shown in the
appropriate table, the water can be declared potable for short-term use (up to 30 days) and approved
for distribution.

LTP samples

AWT is required to confirm compliance with LTP standards for systems that operate longer than 30
days. The LTP standards are shown in the table. The procedures involve PM onsite testing and
collecting and submitting water samples using water sampling kits provided by in-theater or remote
laboratories that have the capabilities to test for the LTP parameters. One such laboratory is the
USAPHC laboratory. Another lab with LTP parameter testing capabilities is the USAFSAM
laboratory.

The following are water sampling best practices:

o \Water samples should be as representative as possible of the bulk raw or treated water.
o Use appropriate chemical and environmental preservation techniques.
e Avoid contaminating the water sample or collection vessels.

o Collect water purification system product samples from a point where the disinfectant
(chlorine) has had at least a 30-minutes contact time prior to sampling.
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o Dechlorinate treated water samples collected for microbiological testing (typically using
sodium thiosulfate or sodium bisulfite) at the time of sample collection to halt the bactericidal
action of residual chlorine.

The USAPHC has developed water sampling kits for PM personnel to collect and submit water
samples for analysis. The kits are specifically designed for sampling treated water and raw water
sources. Each kit includes instructions that provide step-by-step procedures for collecting and
shipping the water samples to the supporting laboratory:

1. Clearly identify the type of water being sampled, whether it is raw or treated surface water or
groundwater, and if treated, whether by ROWPU or by some other method so the correct kit
is provided.

2. All directions must be followed explicitly, including staying within the appropriate shipping
times and temperatures to the extent possible.

3. Coordinate with the receiving laboratory before shipping the samples if different from the one
the sampling kit came from to ensure the new lab can perform all the desired analyses using
the sample containers in the kit.

4. Complete included field data sheets accurately to document critical sample information.

If no instructions accompany the sampling containers, the following general guidance should be
followed:

o Label samples so test results can be accurately traced back to the time, location, and specific
water that was sampled.

o Identify whether the water is raw/untreated water, treated water, wastewater, or something
else.

e Give each sample a unique sample number.

¢ Maintain a log relating each sample to its collection location and the analytes being tested.
o Identify all preservatives added to the samples.

e Record the date, time, and location of the sampling event.

e Take photos or make a drawing of the location.

e Collect grid coordinates, if possible.

e Provide model and serial numbers of the treatment equipment components if the sample is
treated water, if available.

If a water production site is approved for potable water distribution under the STP standards and
samples for LTP testing have been collected and submitted, but the results are not received before the
30th day of operation, production and distribution may continue under the STP approval until the test
results are received, with PM recommendation and permission from the local medical authority and
unit commander.

Chemical agent testing

Use the M272 kit to conduct water tests for chemical agents if there is threat or intelligence
information suggesting possible contamination. The M272 kit detection limits are not as low as the
MFWS concentrations, but instead are employed as gross-level clearance indicators, and should be
used on raw water first, because the concentrations in the raw water, if there are any, will be greater
and easier to detect than in treated water.

If water purification operations have started, the reject/brine stream from the ROWPU can be used to
test for chemical agents because the agents will be concentrated in the brine stream due to the
membrane rejection capabilities and the volume reduction of the raw water stream making it easier to



1-44

detect the agents. If chemical, biological, radiological, and nuclear (CBRN) contamination is a
concern, or if contaminants are identified at any stage in water source or treatment system
evaluations, water purification personnel will need to immediately connect the CBRN filters.

The MFWS for chemical agents in drinking water are for exposures of seven days or less. There are
no 30-day or long-term agent standards, because it is anticipated that an alternate water source would
be found as soon as possible if chemical agents were discovered in the source water being used.

Frequency of Source Water Testing for Chemical Warfare Agent and Radioactivity According to
Threat and MOPP Level

Threat level MOPP Test frequency
Level
No known threat 0 Weekly
Slight threat 1 Daily
Medium threat 2 Twice daily
Severe threat 3 Four times daily
Imminent threat 4 Hourly
Known contamination 4 Hourly and before issue of each batch of water

Note: *Extracted from FM 10-52-1. MOPP = mission-oriented protective posture

Bottled water testing

When bottled or packaged field water is a significant percentage of the total force drinking water, the
procedures can be very daunting in terms of personnel, time, and in-theater travel. The following are
guidelines for a conservative PM bottled water quality surveillance program and can be easily
modified. The PM personnel should consider the time requirements and operational risk resulting
from fully implementing these procedures, and modify them as necessary to optimize the tradeoffs
among operational risk, health risk if contamination goes unobserved, and time requirements. The
following procedures are guidelines for a conservative PM bottled water quality surveillance
program.

o Logistics personnel may begin issuing bottled and packaged field water received from or
produced at VVS-approved facilities/sources upon receipt.

e PM personnel should test representative samples of bottled water (1 percent of the total
number of bottles, up to a maximum of 10 bottles), randomly selected from a single lot.

e A lot number may be identified by a number on the bottles or labels, or all bottles of a brand
with the same production date.

e Test representative samples in accordance with EPA-approved testing (e.g., membrane filter
technique, Colilert® or Colisure®).

o Retest representative samples from the same lot if samples are positive, and suspend the lot
from being issued.

e The entire lot should not be used for potable purposes if the confirmation test results indicate
the presence of coliforms.

o Immediately notify the nearest veterinary detachment and suspend issue from the suspicious
lot if the water in any of the bottles is cloudy, tampering is suspected, or coliform positive
samples are identified.

o If no other sources of drinking water are available, bottled or packaged field water that have
tested positive for coliforms may be issued for drinking, along with stern guidance that
iodine, Chlor-Floc, unscented chlorine bleach or boiling must be administered to disinfect the
water prior to drinking it.
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Military field water standards

Short-Term Potability Military Field Water Standards [11]

Parameter 30-day Standard

(mg/L)*
Physical properties

Color 15 CU

Odor (PM evaluation and customer response) Acceptable

pH 5 —9 pH units

TDS 1000

Temperature 15-22°C

Turbidity 1NTU

Chemical properties

Arsenic 0.02

Chloride 600

Cyanide (as free cyanide) 2.0

Magnesium 30

Sulfate 250

Microbiological properties
TC 0 CFU/100 mL
Escherichia Coli 0 CFU/100 mL
Chemical warfare agents?

Hydrogen cyanide 2.0?

BZ (incapacitants) 2.3? (ugl/L)

Lewisite (as arsenic) 272 (ug/L)

Sulfur mustard 472 (ug/L)

Nerve agents 3 42 (ug/L)

T-2 toxins® 8.72 (ug/L)

Radiological
Gross alpha and/or beta activity* 0.05 (uCilL)

Legend: mg/L = milligrams per liter; CU = color unit; TDS = total dissolved solids; NTU = nephelometric turbidity
unit; CFU/100 mL = colony forming units per 100 milliliters; ug/L = micrograms per liter; uCi/L = microcuries per
liter

Notes:
1Units are in mg/L unless indicated otherwise.

°These values apply for up to 7 days exposures only. It is not anticipated that personnel would remain in an area
where water is contaminated with agent longer than 7 days.

3See paragraph 4-11e of AFMAN 48-138_|IP.

4Drinking water contaminated at this level has the potential to expose individuals to approximately 8 roentgen
equivalent man (rem) of radiation to the gastrointestinal tract. These exposures should be documented and
accounted for in individual units; radiation exposure status (RES) and operational exposure guidance (OEG).

Long-Term Potability Military Field and Bottled Water Standards [11]
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Property/Contaminant

Military LTP Standards (mg/L)!

Food and Drug Administration
(FDA) Standards for Bottled Water
(mg/L)*

Physical Properties

Turbidity 1NTU 5NTU

Odor Acceptable 3.1 TON

Color 15CU 15 CU

pH 6.5-8.5 -

TDS 500 500.0

Disinfectants

Chloramines (as CI2) 4.0 4.0

Chlorine (as CI2) 4.0 4.0

Chlorine dioxide2 (as CIO2) 0.8 0.8

Disinfection Byproducts

Bromate2 0.010 0.010

Chlorite2 1.0 1.0

Haloacetic acids-five (HAAS) 0.060 0.060

Total trihalomethanes (TTHM) 0.080 0.080

Inorganic Chemicals

Aluminum 0.2 0.2

Antimony 0.006 0.006

Arsenic 0.010 0.010

Asbestos?2 (fibers greater than (>) | 7 MFL -

10 micrometers)

Barium 2 2

Beryllium 0.004 0.004

Cadmium 0.005 0.005

Chloride 250 250.0

Chromium (total) 0.1 0.1

Copper 1.0 1.0

Cyanide (as free cyanide) 0.2 0.2

Fluoride 4.0 (depends on whether natural or
added, and varies with temperature-
(temp) see Title 21 CFR Part 165,
Beverages)

Iron 0.3 0.3

Lead 0.015 0.005

Manganese 0.05 0.05

Mercury (inorganic) 0.002 0.002

Nickel - 0.1

Nitrate (as nitrogen)3 10 10

Nitrite (as nitrogen)3 1 1

Selenium 0.05 0.05

Silver 0.10 0.10
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Long-Term Potability Military Field and Bottled Water Standards [11]

Property/Contaminant

Military LTP Standards (mg/L)*

Food and Drug Administration
(FDA) Standards for Bottled Water
(mg/L)*

Sulfate 250 250.0
Thallium 0.002 0.002
Total nitrate plus nitrite - 10
Zinc 5 5.0
Organic Chemicals
1,1,1-Trichloroethane 0.2 0.20
1,1,2-Trichloroethane 0.005 0.005
1,1-Dichloroethylene 0.007 0.007
1,2,4-Trichlorobenzene 0.07 0.07
1,2-Dibromo-3-chloropropane 0.0002 0.0002
(DBCP)
1,2-Dichloroethane 0.005 0.005
1,2-Dichloropropane 0.005 0.005
2,4,5-TP (Silvex) 0.05 0.05
2,4-D 0.07 0.07
Alachlor 0.002 0.002
Atrazine 0.003 0.003
Benzene 0.005 0.005
Benzo(a)pyrene (polycyclic 0.0002 0.0002
aromatic hydrocarbon [PAH])
Carbofuran 0.04 0.04
Carbon tetrachloride 0.005 0.005
Chlordane 0.002 0.002
Chlorobenzene (mono) 0.1 0.1
cis—1,2-Dichloroethylene 0.07 0.07
Dalapon 0.2 0.2
Di(2-ethylhexyl) adipate 0.4 0.4
Di(2-ethylhexyl) phthalate 0.006 -
Dichloromethane 0.005 0.005
Dinoseb 0.007 0.007
Dioxin2 (2,3,7,8- 3x10-8 3x10-8
tetrachlorodlibenzo para dioxin
[TCDD))
Diquat 0.02 0.02
Endothall 0.1 0.1
Endrin 0.002 0.002
Ethylbenzene 0.7 0.7
Ethylene dibromide 0.00005 0.00005
Glyphosate 0.7 0.7
Heptachlor 0.0004 0.0004
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Long-Term Potability Military Field and Bottled Water Standards [11]

Property/Contaminant

Military LTP Standards (mg/L)*

Food and Drug Administration
(FDA) Standards for Bottled Water
(mg/L)*

Heptachlor epoxide 0.0002 0.0002
Hexachlorobenzene 0.001 0.001
Hexachlorocyclopentadiene 0.05 0.05
Lindane 0.0002 0.0002
Methoxychlor 0.04 0.04
o-Dichlorobenzene 0.6 0.6
Oxamyl (Vydate) 0.2 0.2
p-Dichlorobenzene 0.075 0.075
Pentachlorophenol 0.001 0.001
Phenols2 - 0.001
Picloram 0.5 0.5
Polychlorinated biphenyls (PCB) 0.0005 0.0005
Simazine 0.004 0.004
Styrene 0.1 0.1
Tetrachloroethylene 0.005 0.005
Toluene 1 1
Toxaphene 0.003 0.003
trans—1,2-Dichloroethylene 0.1 0.1
Trichloroethylene 0.005 0.005
Vinyl chloride 0.002 0.002
Xylenes (total) 10 10
Radiological
Gross alpha particle activity 15 pCi/L 15 pCi/lL
(excluding radon and uranium)
Grqss betq particle and photon 4 mrem/yr 4 mrem/yr
emitter activity
Tritium2,4 0.27 pCi/lL -
Combined Ra—226 and Ra—228 5 pCi/L 5 pCi/L
activity2
Uranium 30 pg/L 30 pg/L
Microorganisms
E. coli (CFU/100 mL) 0 (P/A) 0 (MF or MPN)
Total coliforms (CFU/100 mL) 0 (P/A) 4 and 1 (MF)5
Viruses TT N/A
Giardia TT N/A
Cryptosporidium TT N/A

Legend: LTP = long-term potability; FDA = US Food and Drug Administration; mg/L = milligrams per liter; NTU =
nephelometric turbidity units; TON = threshold odor number; CU = color units; MFL = million fibers per liter;

ug/L = micrograms per liter; pCi/l. = picocuries per liter; mrem/yr = millirems per year, CFU/100 mL = colony
forming units per 100 milliliters; P/A = presence/absence; MF = membrane filter method;
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Long-Term Potability Military Field and Bottled Water Standards [11]

Property/Contaminant Military LTP Standards (mg/L)* Food and Drug Administration
(FDA) Standards for Bottled Water
(mg/L)*

MPN = most probable number method; TT = treatment technique (i.e., adequate filtration and disinfection); N/A =
not applicable; MCL = maximum contaminant level; WHO = World Health Organization.

Notes:
lUnits are in mg/L unless noted. For analytes in water, units of mg/L are equivalent to ppm.

2Parameter is neither in the field test kit nor in the 40-mL AWT suite, but must be specifically requested and
sampled for if contamination is suspected.

SInfants below the age of 6 months who drink water containing nitrate in excess of the MCL could become
seriously ill and, if untreated, may die. Symptoms include shortness of breath and blue-baby syndrome.

4Although the current water test kits do not include a test for tritium, current procedures do call for tritium testing
in special cases (such as if source water is taken downstream from a nuclear facility). The WHO standard shown
has been adopted as the LTP standard.

5Not more than one of the analytical units in the sample shall have 4.0 or more CFU/100 mL, and the arithmetic
mean shall not exceed 1 CFU/100 mL. MPN method has other requirements — see Title 21 CFR Part 165 for
details.

Military microbiological field water standards (short and long term) [11]

Total Coliform i
E. Coli . .
Interpretation and PM Action

Absent Present Absent Present

: . e W s g

Amber: Caution; OK to drink, but repeat tests, take
remedial action if results confirmed.

X X

X X Gray: Testing error: retest

Notes:

Green—Total Coliforms Absent, and E. Coli Absent (-/-). These are the expected results. They indicate that the
water treatment and disinfection systems are performing properly. Document the results, and no further action is
required.

Amber—Total Coliforms Present, but E. Coli Absent (+/-). Results indicate either a possible breakdown in the
treatment and/or disinfection system or contamination of the sample during collection that has resulted in
environmental contamination. Warfighters can drink it, but caution is advised. Carefully sample and retest the
water, and if the results are (+) again for TC, recommend that quartermaster or engineer personnel take action
immediately to confirm that the treatment system is working properly, and to fix any problems that are identified.
After remedial action(s) are completed, retest the water. Continue investigating and applying remedial actions
until (-) TC results are obtained.

BB —Total Coliforms Present, and E. Coli Present (+/+). Results indicate fecal matter contamination and
possible breakdown of the treatment and/or disinfection systems. It could also be the result of contamination of
the sample. The water must be considered unsafe to drink until the problem is identified and corrected.
Immediately notify the water treatment system operators and the Surgeon/Commander and recommend
personnel notification, increasing the chlorine dose, issuing personal water container disinfection orders, and/or
discontinuing use of the water as appropriate to the situation. Perform confirmatory sampling and analysis.
Report the confirmatory results to the system operators and the Surgeon/Commander. If the confirmatory results
match the initial sample results (+/+), recommend continuing the previous actions until the problem is resolved. If
the second test results are (-/-) or (-/+), remove the restrictions and follow the guidance for Green or Amber
conditions, respectively.

Gray—Total Coliforms Absent, and E. Coli Present (-/+). Results indicate that there was a problem with the
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testing, since E. Coli would be expected to show up as TC also. Examine the testing materials for expiration
dates and cleanliness, and carefully repeat the sampling and testing. If the condition persists, use new testing
materials.

Disinfected fresh water guidance for non-potable uses [11]

Parameter Requirement

pH 6.5 — 10 pH units

TDS less than (<) 1500 mg/L

Turbidity < 1 NTU if filtered; < 10 NTU if not filtered

FAC residual 1 mg/L after 30-min contact time, and maintained until the water is used

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

804. Potable water system classification
1. Water system classification by the EPA generally depends on what two factors?

2. What type of water systems do the NPDWRs apply to?

3. What isa PWS?

4. What is a primacy agency?

805. Drinking water treatment
1. What does water treatment consist of?

2. What is the purpose disinfecting water?

3. What’s the difference between a primary and secondary water disinfectant?

4. What is one of the main concerns with adding disinfectants to drinking water?

5. Why is chlorine a preferred method of disinfecting water?
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6. What are the concerns with adding fluoride to drinking water?

806. Disinfection of new water mains, water main breaks, and repairs

1. If awater main had a loss of positive pressure less than 20 psi within the main, what actions are
required?

2. After the repair of a water main where the slug chlorination method was used, what steps must
follow next?

3. What is the purpose of having three chlorination methods when installing new water lines?

4. What are the general procedures for disinfecting existing lines?

807. Health risk ratings for backflow and cross-connection areas

1. What is the responsibility of civil engineering and, specifically, the backflow program manager
(BPM) for the installation backflow prevention program?

2. What is a cross-connection in regards to the installation backflow prevention and cross-
connection control program?

3. Why are routine inspections of each cross-connection required?

4. What are BE’s responsibilities in the backflow prevention and cross-connection control program?

808. Base sanitary surveys
1. Why is a water system sanitary survey conducted?

2. The results of a sanitary survey provide the installation with what type of valuable information?
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809. Performing base sanitary surveys

1.

What should be done prior to conducting the onsite portion of a sanitary survey?

During the onsite visit of a sanitary survey, why is it important to conduct a review of the water
supply source?

Why is it vital that a finished water storage facility be properly designed, operated, and
maintained?

Why does source water dictate the type of treatment processes and facilities used to achieve safe
drinking water?

810. Field drinking water

1.

Explain why BE personnel must refer to both AFMAN 48-138_IP and AFI 48-144 for field
water?

Identify at least four BE-specific roles outlined in AFMAN 48-138_IP to meet PM field water
objectives.

Explain the difference between STP standards and LTP standards.

Explain why LTP standards and MEGs are not the same.

What does a raw water source sanitary survey involve?

Summarize how host nation municipal water source selection should be handled.

If you are using liquid bleach having approximately 5 percent available chlorine, how much
liquid is required to end up with a chlorine residual of 2 mg/L in a 1000 gallon tank?

How many bottled water samples should be tested by PM personnel?
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1-3. Water Vulnerability Assessments

The importance of having a safe and reliable drinking water system is paramount to the health and
welfare of all personnel on an AF installation both in garrison and in a deployed environment.

The USAFSAM Water Vulnerability Technical Guide states, “Large quantities of water are required
on a continuous basis to meet AF mission demands for drinking, firefighting, industrial operations,
decontamination, personal hygiene, food preparation, sanitation, and other needs. To ensure these
demands are met, water supplies must be adequately protected from physical disruption and
contamination from all hazards posed by intentional threats, accidents, and natural disasters.” [13]

811. Water vulnerability assessment

AFI 10-246, Food and Water Protection Program, states AF water supplies are credible targets to
inflict casualties and disrupt mission-essential operations. The WV A Technical Guide suggests that in
addition to terrorists and militant groups, threats are posed by insiders, criminals, vandals, or other
disenfranchised individuals who have various motivations. Inherent water system design
characteristics present numerous access points, increase interest in asymmetrical attack methods by
operatives, and dependencies on non-AF water suppliers. [13]

Purpose and scope

The purpose of the WVA is to assist commanders, ATOs, and other risk managers in reducing water-
related risks from all causes to personnel and mission-essential operations to an acceptable level. The
objectives of a WVA include:

¢ Identifying control deficiencies that can lead to water degradation and/or supply disruption.
e Assessing corresponding levels of risk posed to personnel and mission-essential operations.
e Propose Proposing practical control recommendations and justifying corrective actions.

e Developing inputs for the Core Vulnerability Assessment Management Program (CVAMP)
and secure Web-based vulnerability database.

e Assisting stakeholders in recognizing and meeting relevant regulatory requirements.
e Educating stakeholders on water vulnerability and risk-related issues.

The assessment for a water system takes into account the vulnerability of the water supply, both
ground and surface water sources, transmission, treatment, and distribution systems. It also considers
risks posed by the surrounding community, natural disasters, accidents, or attacks to the water system.
The Air Force Vulnerability Assessment Program was not designed solely to address physical
security, but also survivability aspects that include appropriate water system design and integrity,
operations and maintenance, and contingency response. The CVAMP can help elevate the visibility
and level of support from key decision makers for needed capital improvements, equipment and
process upgrades, and other measures that improve the overall security, safety, and reliability of
critical water assets. [11]

812. Performing water vulnerability assessment

The USAFSAM Drinking Water Surveillance Technical Guide, 2011 provides detailed guidance on
conducting a comprehensive WVA. The WVA process ranges in complexity based on the design and
operation of the water system, population affected, source water, treatment plant and system
infrastructure. Security and safety evaluations are completed by visiting the water plant, storage
tanks, and distribution lines to verify if a threat exists to the system and the base. AFI 10-246 states
that BE will implement WV A Program for DOD-owned/operated and privatized water systems
according to federal, state, and local regulations. In addition, under the purview of the installation
threat-working group will review the WV A every year for currency and update the assessment as
needed. [14] The Drinking Water Surveillance Technical Guide describes the WVA process in three
distinct phases: Pre-Assessment, Information Gathering, and Information Processing (fig. 1-8).



1-54

Figure 1-8. Sequence of WVA activities.

Phase I: Pre-assessment

The pre-assessment phase encompasses planning, coordinating, and reviewing historical information,
references, and Air AT criteria. Pre-assessments are essentially the same at any location; the effort
required is largely dependent on the size and complexity of the water system(s), and not necessarily
on the type of installation or the type of water assets—fixed or field. The WV A technical steps are the
same for garrison and deployed locations. In addition to AF-controlled portions of a water system,
reasonable attempts should always be made to assess, identify, and report vulnerabilities and concerns
associated with water systems owned and/or operated by non-AF entities that support AF operations.

A baseline WVA or WVA update may be conducted in conjunction with a local, multi-functional
base-wide vulnerability assessment, or conducted independently. The WV As should be done or
updated annually at garrison-level installations. For deployed locations, the WV A should be done
during each rotation, preferably within the first two weeks of BE personnel arriving at the location.
The WV As at all locations, whether garrison or deployed, should be accomplished whenever there are
significant changes in the mission or water system.

A baseline assessment is comprehensive and includes systematically completing all applicable
activities. A baseline assessment should be conducted in the following instances:
e For new operating locations or when new water systems are brought on line.
o When significant changes occur in the AF Vulnerability Assessment Program, water-specific
criteria, or WV A guidance, or when significant changes occur to the water system.

An update assessment uses the same steps as the baseline process and is conducted using the
following guidelines:
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e Complete annual review or during each rotation, as applicable.
o Note changes to the water system(s), water source, or in the way the water is used.
o Follow-up on the status of previous observations.

e Assess program criteria (e.g., Operations and Maintenance, Water Contingency Response
Plan updates, etc.) with annual or less frequent requirements.

o Complete a physical inspection of the water system/assets (using applicable physical
assessment checklist) of areas where changes have taken place since the last WVA.

o Complete a WVA report: Use the previous report as a starting point for a new report and update
descriptive information, add new observations in place of old ones, and re-generate as a new
report.

The WVA stakeholders are responsible for the programs that impact the security and survivability of
water supplies. When coordinating activities with stakeholder agencies, make sure the appropriate
subject matter experts who can best answer relevant questions and provide necessary information
concerning their particular functional area are identified. [13] Key documents and historical records
can provide information concerning threats, responsibilities, the water system and its operations, and
aid in validating the status of key programs. It is helpful to provide stakeholders with a list of required
documents during coordination efforts to help ensure they are available for review or pick up during
interviews. Assessors should be familiar with key documents, references, and WVA criteria to be
adequately prepared when the assessment begins. Review the WV A checklists, which are categorized
as general questionnaires, program review criteria, and physical assessment criteria (fig. 1-9). The
most current checklists are located on the USAFSAM Website. At a minimum, review water system
drawings and the most recent WV A and sanitary survey.

Number WVA Checklist Title Office of Primary Responsibility
General Questionnaires
Antiterrorism Review for Water ATO and CIP Manager
Off-base Water Supplier Non-AF Water System Owner/Operator
Base Water System Overview CEP, CEO, CEA
Program Review Criteria
4 Water System Design and Integrity CEP, CEO, and CEX (Fire)
5 Water System Operations & CEO, CEP, and CEX (Fire)
Maintenance
6 Water System Security Operations CEO and CEP
(owner/operator)
7 Electronic Monitoring and Control CEO

System Operations
8 Water Contingency Response CEO, CEX (Fire)
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Physical Assessment Criteria

9 Surface Water
10 Wells CEO
11 Water Storage
12 Water Treatment
13 Water Pumps and Miscellaneous
Assets/Facilities
14 Water Supply Mains
15 Aircraft Potable Water Fleet Services/Operations and/or Flight Kitchen
16 Bottled Water SVS, LRS, or CE
17 Deployment Water Assets CEO

WVA Checklist Legend:
ATO: Antiterrorism Officer
CEA: Civil Engineering Asset Management

CEO: Civil Engineering Operations

CEP: Civil Engineering Programs

CEX: Civil Engineering Emergency Management and Fire Emergency Services
CIP: Critical Infrastructure Program

LRS: Logistics Readiness Squadron

SVS: Services

Figure 1-9. WVA Checklists.

Phase I1: Information gathering

Phase 11 focuses on field activities and gathering information necessary to characterize vulnerability,
risk, and control options. Field activities encompass a review of programs designed to support water
security and survivability, and a physical assessment of water assets and access points. Although
there are no doctrinal requirements governing WVA briefings, field activities may be preceded and
followed by briefings to primary stakeholders and base leadership.

An understanding of the system and related operations will enable the assessor to properly plan and
accomplish an effective physical assessment. As outlined in the USAFSAM WVA Technical Guide,
the program review consists of the following two-part investigative process:

1.

Interview subject matter experts: Subject matter experts are the most knowledgeable
individuals associated with the program area of concern, so they are the primary focal point
of the interview and for providing program-related documentation. Subject matter experts are
listed along with applicable program review checklists.

Review Program Documentation: Documentation may be in the form of hardcopy or
electronic file reports, plans, policies, records, operating instructions, and standard operating
procedures. The review of program documentation is often necessary to validate the status of
the subject program. The interview and the review of the documentation can be done in
conjunction with each other, or documents can be reviewed after the interview, particularly if
copies are provided at that time. Applicable documentation is listed in each program criteria
checklist.

Program review checklists enable a uniform and systematic assessment of programs designed to
ensure water security and survivability. Checklists, which can be found on the USAFSAM Website,
are designed to function as protocols common to other types of major compliance assessments.




1-57

In addition to specific program review checklists that are built around specific criteria, the following
three interview questionnaires are used to gather key background information: (1) Anti-Terrorism
Program Review for Water, (2) Water Purveyor questionnaire, and (3) Base Water System Overview
questionnaire (fig. 1-10).

WVA Questionnaires Description

Anti-Terrorism Program Review for Water | This questionnaire is designed for interviewing the ATO and CIP

Manager to evaluate the status of previous observations, determine
any known water-related threats, communicate and disseminate
WVA results, and increase visibility and support for water-related
observations with key stakeholders.

Off Base Water Purveyor This questionnaire is used for interviewing non-AF water suppliers

(privately-own or municipal water utility). Objectives include
determining the system capabilities and limitations, identifying
assets directly supporting the base and their security, projected
changes to the system, and facilitating cooperation and information
exchange between the utility and AF stakeholders.

Base Potable Water System Overview This questionnaire is designed to be the initial checklist used when

conducting the joint interview of the AF system owner/operator and
stakeholders. This questionnaire enables assessors to gain an
understanding of the system and its configuration, and is followed
immediately with criteria-based checklists for CE programs.

Figure 1-10. General Questionnaires for the WVA.

After an assessor is familiar with the water system and operations, and has a perspective on what to
look for and what to focus on in the field, the next objective is to conduct an “eyes on” physical
assessment of water assets and access points. The goal is to identify vulnerable assets and access
points and determine whether control measures designed for their security and survivability
adequately meet criteria. Major assets encompass, but are not limited to:

Groundwater wells.
Surface water source intakes.
Cisterns or catch basins.

Transmission and distribution mains (i.e., the portion of the system that transmits water from
the source up to the first interconnecting line that services points of use.).

Transmission, distribution, and fire pumps.

Treatment units/facilities.

Tanks, bladders, and other bulk storage reservoirs.

Supplemental support systems (e.g., power and automated control and monitoring systems.).
Main isolation valves (particularly at major system interconnection points.).

Centrally stored bottled water supplies.

In addition to the major assets previously mentioned, specific access points of potential concern must
be assessed. These access points commonly include, but are not limited to:

Exposed pipeline sections (e.g., aboveground, over-water crossings, and in meter/valve
vaults).

Standpipes, fire hydrants, and other major filling points.

Other main access points (e.g., backflow prevention devices, flushing and air release valves,
and water main meters).

Water trucks/tankers.
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o Water trailers/buffaloes, drums, lyster bags, and other tactical distribution containers.
e Unit-level stored bottled water supplies.

e Treatment chemical storage areas.

e Swimming pools.

An effective physical assessment largely depends on a number of factors. First, and foremost, be
prepared. During the pre-assessment phase and stakeholder interviews be sure to understand the water
system(s) and operations, as well as the physical assessment checklists and applicable criteria. Next,
schedule the site assessments. If the assessment includes a restricted/controlled area, coordinate
access with security forces (SF) or other applicable personnel. Finally, conduct a walk-through of the
water system including operations plant, distribution lines, lift stations, and storage tanks.

Non-AF assets and access points

The WVA is not restricted to on-base assets and access points. During the WVA, attempt to visit all
non-AF drinking water supply lines and storage assets located off base. Water mains transiting
through areas accessible to the public are a security concern. Some non-AF assets may be within
restricted or fenced areas, but may still be a concern if the purveyor is relying solely on a fence for
security. If the water purveyor will not allow entry into certain areas or does not attend the
stakeholders meeting, attempt to gain as much information as possible with base agencies and during
document review. AF asset protection criteria can be considered best management practices for
community drinking water utility systems. The primacy agency also mandate certain security
controls, whether state, county, or city, may.

There is no prescribed order for evaluating assets and access points. One method is to begin at the
source and follow the water through treatment, transmission, storage, and distribution. Convenience is
often a factor, such as working from one part of the base to another. Visiting off-base assets and
access points may require an escort from the purveyor.

Potable storage reservoirs/tanks

The DOD storage reservoirs or tanks are a special concern and are historically susceptible to
structural problems, stagnant water, and contamination from deteriorated or missing vent covers and
screens, dead animals, and other sources. A proper assessment of a storage tank requires access to the
top of the tank where service hatches, vents, and other potential entry points can be inspected, and
from where visual inspection of the interior can be performed. Exterior surfaces need to be inspected
for corrosion and structural defects. All potential access points should be locked, hardened, or sealed
to avert contaminant introduction. Inspect service hatches and air vents, and look for other structural
openings, including gaps around pipes or cables that enter the reservoir.

Inspect the water for signs or indications of contamination including surface sheen, debris algae,
excessive turbidity, unusual color or odor, and biofilm on structural surfaces. The interior should be
inspected for corrosion, deteriorating surface coating, sediment, and other physical problems. For
systems with a large number of elevated tanks, climbing all of them may not be practical. Give
priority to tanks considered most critical to supporting mission-essential operations and tanks
considered most at risk due to location, previous problems, age, length of time since last inspection,
or other factors.

On-base transmission and distribution lines

Generally, access points (hydrants, standpipes, backflow prevention devices, etc.) located within the
effectively controlled boundaries of military installations require no additional physical barriers.
Contractors, vendors, and other personnel not affiliated with the base water utility or fire department
who need to draw system water should always be directed to a designated filling station equipped
with a permanent backflow prevention device. The device should be maintained and tested by base
CE water systems operator or approved contractor. Air gaps are not considered adequate for backflow
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prevention since they can be easily bypassed. Fill stations should be located in an area where
activities can be easily observed. The base Security Force should be made aware of fill station
locations and aid in enforcing their use.

Inspect critical valves closely to determine if they are operable, particularly where off-base
transmission lines connect with the base water system and emergency supply valves. Valves should
be easy to find and accessible for emergencies. Valve vaults or pits should not be flooded. Observe if
the valves are heavily corroded, stuck, or frozen; ask operators to turn valves to validate their
serviceability. Transmission line valves should be exercised annually and documented by CE; verify
the last time the valves were tested. Verify that valves are secured (e.g., behind locked barriers or
chaining of handles).

Off-base transmission and distribution lines

Drinking water lines outside a DOD-controlled perimeter which are accessible to non-DOD personnel
are considered off-base lines. Water access points can be present and unsecured on lines dedicated to
the AF installation. Under these circumstances, contaminants could potentially be introduced into any
access point by overcoming system pressure using a water pump or by creating a backflow condition
upstream of the introduction point.

Fire hydrants are of particular concern because of their widespread presence, accessibility, large port
openings, and general availability of compatible connectors, hoses, and pumps. Construction and
other contractors, plus municipal service agencies, are often equipped to access hydrants. Hydrants
and other access points deemed highly vulnerable should be removed or taken out of service.
Alternative options include turning off and securing the hydrant or flushing appurtenance valves,
adding physical barriers, and/or disguising the access point and valve.

Physical disruption points such as valves and exposed pipelines present opportunities to disrupt the
supply. Water main valve and meter vaults are often located directly outside the base perimeter on
incoming supply lines. You, the assessor, should take into consideration:

e Systems that lack active parameter monitoring capability may incur disruptions that are not
recognized until storage reservoirs are empty. It may also take time to locate the specific
point of disruption.

o Valves can be manually manipulated.

e Exposed mains can be ruptured by physical force, including explosives. Explosives have been
used repeatedly to rupture exposed water mains in Irag. A main can also be ruptured by
dropping an explosive into a meter or valve vault.

e Exposed lines should be buried when possible.

e Vaults and valve covers should be secured under a hardened, locked cover and when
practical, disguised.

¢ When security outweighs convenience, remove valve hand wheels, whether behind a barrier
or not.

Hazardous materials

Assess the security of water treatment chemicals and other hazardous materials stored or used within
the vicinity of water access points, regardless of the owner of the materials or their intended use of
materials. Concerns include the potential for introducing harmful/toxic materials into the water
supply; airborne releases; and detonating munitions or combustible gases (e.g., propane). When
munitions or combustible gases are located within the vicinity of water assets, check with the CE
structural engineer or the base safety officer to ascertain whether calculations were performed to
determine if the structure is designed to withstand the projected overpressure of a worst case
detonation or a fire.
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IHlumination

A proper assessment of area illumination may require visiting the site during darkness. Area lighting
is designed to act as a deterrent and to detect the presence of unauthorized activities. In some
instances, illumination may not be beneficial such as areas where attack by mortar or other propelled
munitions is credible, or when the asset is located in a remote area where illumination may actually
draw attention to the asset and provide no real benefit in deterring or detecting aggressors. DOD
Unified Facilities Criteria (UFC) 4-020-02FA, Chapter 6, provides best management practices for
illumination assessments.

Fencing

Although fencing is not expected to stop aggressors, seven-foot security fencing is recommended for
mission-essential water facilities and assets (e.g., wells, pumps, reservoirs, and treatment facilities),
both on and off base. Proper fencing helps restrict access by vehicles used to transport contaminants,
explosives, or tools. Additionally, fencing can help to deter aggressors because they will have to
breech the fence and risk being seen in the act, or risk being seen within a designated controlled area.

Vandalism or unauthorized activities

Note any graffiti, damaged fencing, and other signs of unauthorized activities near the asset or access
point, which may indicate a lack of sufficient deterrence and detection controls and an increased
probability for malicious activity. Even the presence of trash dumped nearby can be useful
information.

Photographs

Risk managers often prefer digital images of written observations. They can be useful to refer to when
analyzing and processing WVA information. Avoid capturing information that can be used to identify
the specific location of the asset or access point (facility numbers, street names, etc.). If the camera is
equipped with a date stamp function, turn off this function. Be sure to gain permission in advance by
the appropriate authority before taking photographs.

Once interviews, data collection, and site surveys have been done, the next step is processing the
information.

Phase I11: Information processing

This step consists of analyzing WVA information and generating results in a format familiar to
CVAMP administrators. The primary steps in this process include: delineating observations,
analyzing risk, determining corrective action recommendations, and developing a WVA report in a
format that supports the needs of the stakeholders. [13]

This process begins by identifying deficiencies indicated on the criteria checklists. A status marking
of “No” for a criterion element on a checklist indicates a deficiency. An observation represents one or
more deficiencies for the subject program area or physical asset being assessed. Deficiencies noted on
most program review checklists can be rolled up to support a single observation for the subject
program.

The Occupational Risk Management risk analysis is used to determine the estimated risk levels for
the observations found during the WV A and provide the results to stakeholders. List the observations
in hierarchal order of estimated risk level (most severe to less severe).

The core product of the WV A effort is the observation table—designed with assistance from the
ATO—to identify observations, provide recommendations, and suggested inputs for CVAMP, and
enable the antiterrorism working group (ATWG) to effectively address mitigation of risks. An
example of the observation chart is included in the WVA Technical Guide. Observations have to be
classified as a vulnerability, concern, or neutral finding.
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Self-Test Questions

811. Water vulnerability assessment

1. What is the significance (or vulnerability) of a water system that presents numerous access
points?

2. The main purpose for an installation conducting a WVA is to?

3. List at least three objectives of the WVA.

812. Performing water vulnerability assessments

1. As part of the water vulnerability pre-assessment phase, why is in important to research key
documents and historical records?

2. Why are subject matter experts a primary focal point for gathering water vulnerability
information?

3. Why are WVA program review checklists an important part of the WV A process?

4. What is the goal of conducting an “eyes on” physical assessment of water assets and access
points?

5. When are non-AF water mains that transit through areas accessible to the public of special
concern?

6. Why must exterior surfaces of a portable storage reservoir/tank be inspected?

7. Who should use a designated filling station?

8. Why are fire hydrants of particular concern for water vulnerability?
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1-4. Drinking Water Reporting

Due to the modern and efficient water treatment systems and methods used at most bases; ‘it’s rare to
incur positive drinking water bacteriological results. However, positive bacteriological results can be
an indication of a serious problem so it’s important to be familiar with drinking water reporting
requirements.

813. Compliance and non-compliance reporting requirements

Public notification of drinking water results informs consumers of problems with drinking water.
These notices alert consumers when problems occur and advise them of the need to take alternative
measures (e.g., boil water) to ensure they have safe drinking water until the problem is fixed. Because
reporting requirements can vary by state and local regulations, the EPA has established minimum
notification standards for compliant and non-compliant drinking water sample results. These
standards are outlined in the Public Notification Rule, 65 FR 25982.

The EPA requires all analytical results that are in compliance with the SDWA MCLs be sent to the
state within 10 days of the end of the reporting period. The results typically are submitted through the
CE office, but base policy may require submitting results directly to the state regulators. Notification
may be done with a written letter, or based- or state-developed form. In either case, the letter, or form,
is attached to a copy of the laboratory results.

Concerning non-compliance reporting, depending on the severity of the situation, water suppliers
have from 24 hours to one year to notify their customers after a violation occurs. The EPA specifies
three categories, or tiers, of public notification:

e Tier 1—Immediate Notice: Serious health effects under short-term exposure.
e Tier 2—Notice within 30 Days: Serious adverse health effects.
e Tier 3—Annual notice.

Water suppliers have different amounts of time (depending on violation tier) to distribute/deliver the
violation notice to the customer.

Tier 1—Immediate Notice, within 24 hours

Tier 1 public notices are required for any violations/situations with significant potential for immediate
short-term impact to human health. Public notice is required within 24 hours of the violation, and the
base must consult with the state or federal EPA within 24 hours to receive direction on subsequent
requirements. Water suppliers must use media outlets such as television, radio, and newspapers, post
their notices in public places, or personally deliver a notice to their customers in these situations. Tier
1 violations include the following:

e Fecal coliform MCL violation or failure to test for fecal contamination after TC test is
positive.
e Nitrate/nitrite/combined nitrite MCL violation or failure to take confirmation sample.

e Chlorine dioxide maximum residual disinfection level violation in distribution system or
failure to repeat samples in distribution system.

e Exceeding maximum allowable for turbidity level resulting in an MCL or treatment technique
violation, when the state or EPA determines a Tier 1 notice is warranted.

e Special public notice for NCWSs with nitrate exceedances between 10 mg/L) and 20 mg/L,
when allowed to exceed MCL (10 mg/L) by the state.

e Waterborne disease outbreak or other waterborne emergency.
e Other situations as determined by the primacy agency.
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Tier 2—Notice as Soon as Practical, within 30 days

Any time a water system provider detects contaminants exceeding EPA MCLs or state standards that
do not pose an immediate risk to human health, the water supplier must notify its customers as soon
as possible within 30 days of the violation. The notice may be provided via the media, posting, or
through the mail. Tier 2 violations include the following:

o All other MCL or treatment technique violations not already identified as Tier 1 violations.

e Monitoring and testing procedure violations, when the primacy agency determines they
require a Tier 2, rather than Tier 3, notice.

o Failure to comply with variances and exemptions approved by the primacy agency.

Tier 3—Annual Notice

When water systems violate a drinking water standard that does not have a direct impact on human
health (for example, failing to take a required sample on time), the water supplier has up to one year
to provide a notice of this situation to its customers. The extra time gives water suppliers the
opportunity to consolidate these notices and send them with an annual consumer confidence report
(discussed in the next section). Tier 3 violations include the following:

e All other monitoring or testing procedure violations not already requiring a Tier 1 or Tier 2
notice.

e Special public notices (e.g., exceeding the fluoride SMCL; announcing the availability of
unregulated contaminant monitoring results).

Ten Required Elements of a Public Notice
The ten required elements of a public notice include:

1. Describing the violation, including the contaminant(s) of concern and the contaminant
level(s).

2. Documenting the date the violation occurred (i.e., date the sample was collected).

w

Describing the potential adverse health effects from exposure to the contaminant(s). Health
effects descriptions are provided in Appendix B of the Public Notification Rule.

Identifying population at risk.

Indicating whether alternate water supplies need to be used.

Describing actions consumers can take, including when to seek medical attention.
Documenting specific actions the water supplier is doing to correct the problem.

Estimating when the situation is expected to be resolved.

© © N o a &

Identifying contact information for the water supplier.

10. Developing a statement encouraging distribution of the public notice to all persons served,
where applicable. The statement should use standard language from the current edition of the
EPA’s Public Notification Handbook.

The public notice must be reviewed and approved by the chain of command up through the base
commander, as well as the legal office, CE, PA, and any other agency determined by base policies.
Depending on the violation, the base may also need to notify the major command.

The requirements just discussed are the minimum set by the EPA. Keep in mind to consult state and
local regulators to find out if there are more stringent standards which must be complied with.
Remember, the main goal of public notification is not only to comply with the law, but to protect the
health of everyone drinking the water on base.
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814. Consumer confidence reports

It is not enough to simply report results to the state. Keep consumers informed of water quality.
Indicative of its commitment to PH and the public’s right-to-know about local environmental
information; the EPA requires CWSs to put annual drinking water quality reports into the hands of
their customers. These reports are also known as consumer confidence reports.

The reports should not be the primary notification of potential health risks posed by drinking water;
rather, they provide customers with water quality information from the previous calendar year. Each
report must provide customers with the following fundamental information about their drinking
water:

e The lake, river, aquifer, or other source of the drinking water.

o A brief summary of local drinking water source contamination susceptibility based on source
water assessments by states.

¢ Way to obtain a copy of the water system’s complete source water assessment.

e The level, or range of levels, of any contaminant found in local drinking water, as well as
EPA’s health-based standard (MCL) for comparison.

e The likely source of the contaminant in the local drinking water supply.

e The potential health effects of any contaminant detected in violation of an EPA health
standard, and an accounting of the system’s actions to restore safe drinking water.

e The water system’s compliance with other drinking-water-related rules.
¢ An educational statement for vulnerable populations about avoiding cryptosporidium.

e Educational information on nitrate, arsenic, or lead in areas where these contaminants may be
a concern.

e Phone numbers of additional source of information, including the water system and EPA’s
Safe Drinking Water Hotline (800-426-4791).

Consumer confidence reports summarize all the monitoring completed at each base. It takes all the
components of the quality water program and puts them in an easy-to-understand language for
consumers. Consumer confidence reports are the centerpiece of the right-to-know provisions in the
1996 amendments to the SDWA. The amendments contain several other provisions aimed at
improving public information about drinking water, including the annual public water system
compliance report and improved public notification in cases where a water supplier is not meeting a
contaminant standard.

AF installations, including those with privatized drinking water systems that receive a consumer
confidence report from a local water supplier, will provide either a copy of the original report or a
modified version of the report to the base population. If an installation does not purchase its water
from a municipality, then these annual reports are prepared by BE. The reports must be coordinated
through the appropriate base agencies. These agencies typically include, but are not limited to, the
Environmental, Safety, and Occupational Health Council, PA, CE, and the base commander.
Afterwards, disseminate the reports to the base population by the means approved by the PA office.
The reports are due by 1 July each calendar year.

Self-Test Questions

After you complete these questions, you may check your answers at the end of the unit.

813. Compliance and non-compliance reporting requirements
1. What is the benefit of public notification of drinking water results?
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2. Why and when is a Tier 1 public notice required?

3. If a water system violates a drinking water standard that does not have a direct impact on human
health, how long does the water supplier have to notify the public?

4. What agencies must be consulted to determine if there are more stringent standards (than the
EPA) that must be followed/complied with?

814. Consumer confidence reports
1. What is the importance of a consumer confidence report?

2. If a base receives a consumer confidence report from a local water supplier, what is provided to
the base population?

3. What does the consumer confidence report provide?

4. If an installation does not purchase its water from a local municipality, who is responsible for
preparing the annual consumer confidence report?

5. When is the consumer confidence report disseminated to the base population?

1-5. Non-potable Water

Although non-potable water is not consumed, it can be a threat to human health. Most bases have
some kind of recreational waters like freshwater swimming pools, hot tubs (whirlpools, spas), and
other naturally occurring fresh and marine waters. These waters can contain chemical or biological
threats that can potentially lead to recreational water illnesses. They can be caused by ingesting water
contaminated with pathogenic microorganisms such as Cryptosporidium, Giardia, E. coli or
norovirus to name a few. To minimize the risk of exposure, BE conducts inspections and water
monitoring at based-owned swimming pools and public bathing facilities.

815. Inspections of recreational waters

Exposure to untreated or inadequately treated human fecal waste is considered the greatest health
threat. The presence of microbiological indicators in treated swimming pools or hot tubs indicate
possible insufficient water exchange, disinfection, and maintenance. Bather density is a major part in
determining the probability of swimmer-associated illnesses with swimming pools, particularly when
there is insufficient disinfection and water circulation. The bathers themselves may also be a source
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of pollution by shedding organisms associated with the mouth, nose, and skin. Diseases associated
with swimming and bathing facilities are classified into the following broad categories:

e Gastrointestinal diseases.
Respiratory diseases.

Eye, ear, nose, and/or throat diseases.
Skin infections.

There are currently no federal regulations governing water quality in swimming pools, hot tubs, spas,
and natural bathing areas. However, AFI 48-114, Swimming Pools, Spas and Hot Tubs, and Natural
Bathing Areas, outlines how the AF operates and maintains these environments, assigns responsibility
for the healthful use and safe operation of bathing facilities, and emphasizes the PM principles of
hygiene and sanitation to ensure a clean, safe swimming and bathing environment.

Swimming pools

Pool water is, for the most part, potable and treated with additional disinfectant. Modern pools have a
recirculating system for filtration and disinfection. A swimming pool’s water quality should be
monitored for changes in chemical and physical characteristics. Water quality depends upon the
efficiency of disinfection, sanitary conditions, number of bathers in the pool at any one time, and the
total number of bathers per day.

BE Technicians should have a basic understanding of the types of sanitizers currently approved by the
EPA to treat swimming pools. AFI 48-114 lists chlorine, bromine, polyhexamethylene biguanide
(PHMB) and silver-based systems as approved EPA methods. However, chlorine and bromine are the
most commonly used in the AF.

Chlorine is the most common sanitizer used in pools and spas. It can be added in a liquid, powder,
tablet, or gas form to the pool water. Chlorine reacts with the pool water to form hypochlorite and
hypochlorous acid, which kills pathogens. Combined chlorine, also known as chloramines, can form
when free chlorine reacts with natural organics such as urea from urine. These compounds can cause
eye, mucous membrane, and skin irritation and have strong objectionable odors. Chlorine also tends
to degrade in sunlight. A stabilizer such as cyanuric acid may be used to counteract this degradation.

Bromine is effective over a wider pH range than chlorine, but cannot be stabilized against degradation
by sunlight (cyanuric acid cannot be used with bromine). In the same way that chlorination can result
in chloramines, bromination can result in byproducts called bromamines. However, bromamines are
not known to be harmful at concentrations normally found in swimming pools, spas, and hot tubs. Of
note, a pool disinfected with bromine cannot be converted to chlorine disinfection without draining
and refilling the pool.

Advantages of PHMB as an effective pool and spa sanitizer include minimal degradation in sunlight
and low eye and skin irritation. Its disadvantages are high costs, the need for additive chemicals as
algaecides, and lack of understanding of compatibility with other pool chemicals (for example,
chlorine degrades PHMB). Because of these disadvantages, PHMB is not recommended for AF
owned or operated pools and spas and shall not be used without approval of the medical group
commanders.

Silver is used as an antibacterial agent in many applications, including swimming pool sanitizers.
Positively charged silver ions attach to negatively charged contaminants and destroy them. On AF
installations, silver should not be used as a primary sanitizer but may be used as a supplemental
sanitizer.

The table below lists water quality requirements for swimming pools as required by AFI 48-114.
These water parameters for swimming pools should be maintained to avoid unnecessary continued
bacteriological sampling.
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Water Quality Requirements for Swimming Pools

Parameter Acceptable Range Monitoring Frequency Responsible
Organization

FAC 1.0-4.0 ppm Every 2 hours Bathing facility manager
or lifeguard

Bromine 1.0-8.0 ppm Every 2 hours Bathing facility manager
or lifeguard

pH 72-7.8 Every 2 hours Bathing facility manager
or lifeguard

Total alkalinity 60 — 180 ppm Once per week Bathing facility manager

or lifeguard

Calcium hardness

150 - 1,000 as CaCOs

Every 2 weeks

CE

TDS

Not to exceed (NTE) 1500
ppm above the
concentration at startup.

Every 2 weeks

CE

Clarity

An 8-inch diameter black
and white Secchi disc or
the main drain located on
the bottom of the pool at its
deepest point must be
clearly visible and sharply
defined from any point on
the deck up to 30 ft away in
a direct line of sight from
the disc or main drain.

Daily

Bathing facility manager
or lifeguard

Cyanuric Acid

Ideal concentration is
between 25-50 ppm, but
must not exceed 100 ppm.

Monthly; however if a
chlorinated isocyanurate
is used, monitor weekly.

CE, if used

Temperature

78°F-82°F

Maximum 104° F

Every two hours

Bathing facility manager
or lifeguard

Algae

No visible algae when open
to swimmers

Continuous

Bathing facility manager
or lifequard

Combined chlorine

0.2 ppm

Every hours

Bathing facility manager
or lifequard

If a swimming pool is inadequately disinfected, any number of common waterborne diseases may be
spread. Disease transmission hazards are greatest among swimmers in the fresh water found in
swimming pools because they tend to ingest more water than swimmers in brackish estuarine water
and salt water of the open seas. Therefore, it is important to maintain the quality of swimming pool

water. Pathogenic microorganisms that pose a threat to swimmers or bathers in pools and spas and hot
tubs are shown in the table below.

Pathogenic microorganism threats in pools and hot tubs

Diseases Sources Characteristics Symptoms

Giardia lamblia; infected swimmers, | Gastrointestinal illness
usually children, who contaminate
the water through a bowel

movement

Giardiasis Diarrhea, cramps

Itching, pain, and
discharge of the ear

Otitis externa Pseudomonas aeruginosa and Very common infection;
various species of staphylococci; also known as swimmer’s
swimming pools with little or no ear

disinfection

Swimming pool Mycobacterium marinum; a skin Associated with concrete, | Nodules on the skin that
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Pathogenic microorganism threats in pools and hot tubs

Diseases

Sources

Characteristics

Symptoms

granuloma or
daphne sore

abrasion creates a portal of entry
for the organism

gunite (spray concrete),
or masonry pools; sites of
infection tend to be knees
and elbows from contact
with the rough surface of
the pool shell

may ulcerate

Genital herpes

Herpes simplex virus; is not
transmitted in water but can survive
on plastic surfaces of a spa or hot
tube

Contact with warm, moist
environmental surfaces
may lead to transmission;
as a preventive measure,
nude persons should sit
on clean, dry towels when
lounging around spas or
hot tubs

Genital lesions

Follicular
dermatitis

Pseudomonas aeruginonsa; rash is
related to spa and hot tube use

Common sites of lesions
are buttocks, hips, and
trunk

Rash, itching

Pontiac fever

Legionella pneumophila serotype 6;
can be transmitted by aerosols of
and hand hat tub water

Respiratory diseases;
Self-limiting

Fever, chills, malaise, and
headache

In addition to daily monitoring, pre-season and post-season inspections are also required. For
facilities operated continuously, the inspection should be about 30 days before heavy seasonal use.

Pre-season inspection
A representative from CE, force support squadron (FSS), BE, PH, and wing safety conduct a joint
pre-season inspection approximately 30 days before the pool opens to ensure a safe and sanitary
environment, and to allow time to complete corrective actions. This inspection is generally
coordinated by an FSS team member.

Post-season inspection
Within 30 days after seasonal closure, the same key players that were involved in the pre-season
inspection re-group to perform joint post-season inspections, which identify the extent of off-season
maintenance needs. An FSS team member will coordinate the post-season inspection. For facilities
operated continuously, no special inspection is required. The bathing facility manager should conduct
a survey six months after the 30-day inspection to identify any special repairs needed before the next
heavy-use season.

Pre-season and post-season inspection considerations

Pre-and post-season inspections must consider, as a minimum, the following:

e Copy of pool rules openly displayed?
e Cleaning requirements being followed?
e AF Form 708, Swimming Pool Operational Log, available and properly completed?

e Water on apron draining away from pool?

e Water quality parameters (pH, temp, disinfectant level, turbidity) being met?
o Pool surface water free of scum/debris?
e Proper first-aid equipment available?

e Toilet/shower facilities cleaned/disinfected as required?
e Phone readily available with posted emergency numbers clearly displayed?
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e Piping diagram of water/sewer lines posted near disinfection equipment?
e Is adequate chlorine monitoring equipment located outside the chlorination room?
e Is there a fan to exhaust any potential chlorine gas out of the room prior to entry?

Spa/hot tub

Hot tubs are designed for recreational as well as therapeutic use. Hot tubs use a close-cycle water
system, a heated water supply, and generally include a hydro jet recirculation system. These types of
pools are typically not cleaned, drained, and refilled after each use despite their smaller size. Hot tub-
associated infections are common because of the inherent design and characteristics, which include
high temperature, reduced disinfection efficiency, and increased organic material. All of these factors
contribute to favorable conditions for growth of microorganisms. Because of this, facility managers
are required to perform frequent testing for residual disinfectant levels and pH.

In addition to the pre-season inspection, periodically inspect spas/hot tubs to make sure water quality
parameters are me—measure pH, temperature, and the disinfectant residual level. Measure frequency
is determined by past performance history. Regular inspections should consider, as a minimum:

o Date of inspection and name of inspector(s) and operator.

e Copy of rules and warnings prominently displayed.

e At least one employee with documented first-aid training and cardio pulmonary resuscitation
certification on duty.

e Operator enforcing rules.

o Cleaning requirements being followed.

e AF Form 708 properly completed.

e Water on apron draining away from spa/hot tub.

e Water quality parameters (pH, temp, disinfectant level, turbidity) being met.
e Scum/debris removed from surface of water periodically.

e Bottom and sides clean.

e Proper first aid equipment present.

e Toilet/shower facilities cleaned and disinfected as required.

e Phone readily available with emergency numbers clearly displayed.

e s piping diagram of water and sewer lines posted near spa chemical equipment?

During the pre-season inspection, take pH and chlorine readings and compare those to the
measurements taken by the bathing facility manager. If the readings differ significantly, work with
the bathing facility manager to determine the cause of the discrepancy. The bathing facility manager
takes temperature, pH, and chlorine readings daily before opening and hourly thereafter. The assessor
also takes readings, but they are at a frequency based on past performance history. Because conditions
in a hot tub or spa change so rapidly, research indicates there is no need to collect bacteriological
samples unless an illness occurs. Spa and hot tub water must meet the water quality standards
outlined in the following two tables.

Water Quality Requirements for Spas and Hot Tubs

Parameter Acceptable Range Monitoring Frequency Responsible
Organization

Free available chlorine 2.0-5.0 ppm Every hour Bathing facility manager
or lifeguard

Bromine 2.0-8.0 ppm Every hour Bathing facility manager

or lifequard
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Water Quality Requirements for Spas and Hot Tubs

Parameter Acceptable Range Monitoring Frequency Responsible
Organization

pH 7.2-7.8 Every 2 hours Bathing facility manager
or lifeguard

Total alkalinity 60-180 ppm Daily Bathing facility manager

or lifeguard

Calcium hardness

100-800 as CaCOs

Every 2 weeks

CE

Total Dissolved Solids

Not to exceed 1500 ppm
above the concentration
at startup.

Every 2 weeks

CE

Clarity The bottom of the spa at Daily Bathing facility manager
its deepest point shall be or lifeguard
clearly visible. Perform
this test when water is in
a non-turbulent states
and bubbles have
dissipated.
Cyanuric Acid Ideal concentration is Monthly; however if a CE, if used
between 25—50 ppm, but | chlorinated isocyanurate
must not exceed 100 is used, monitor weekly.
ppm.
Temperature Maximum 104° F Every two hours Bathing facility manager
or lifequard
Algae No visible algae when Continuous Bathing facility manager

open to swimmers

or lifeguard

Combined chlorine

0.5 ppm

Every hours

Bathing facility manager
or lifequard

Natural bathing areas

AFI 48-114 also outlines how the AF monitors natural bathing areas so that AF personnel and their

families are kept as safe as possible when using these areas for recreational purposes. Natural bathing
areas are any streams, lakes, oceans, or hot springs used for recreation that are under the authority of
the base (fig. 1-11).



1-71

Figure 1-11. Randolph outdoor recreational area—Canyon Lake, Texas.

The medical group commander approves all areas proposed for designated natural bathing facilities.
Site selection for these facilities is the most critical factor in maintaining good sanitary quality and
should be based on the following considerations:

o Natural bathing areas should be free of the effects of point (a single identifiable source) and
nonpoint (multiple source) pollution and sewage discharges.

e The bottom of the natural bathing area should be visible at wading depth.

¢ Natural bathing areas should have bottoms which slope gently and uniformly toward deep
water; have no holes or sudden step-offs; be free from hidden or submerged obstructions such
as rocks, stumps, snags, and sunken logs; be composed of firm sand, small-sized gravel, or
shale; have no silt, quicksand, shell patches, sharp or broken rock, or debris in depths of
5 ft (1.5 meters) or less.

o Natural bathing areas should not be in an area where schistosomiasis, leptospirosis, or
primary amoebic meningoencephalitis are endemic without the concurrence of the PH or PM
officer.

The sanitary quality of these waters cannot be controlled nearly as easily as well-designed swimming
pools. Natural bathing areas present significantly more risks in terms of pathogenic organisms
because the water is not treated chemically. Scientific evidence documenting the rise of infectious
diseases caused by microbial organisms in recreational waters continues to grow. For example, an
epidemiological study in Santa Monica Bay, California, documented an increased risk of illness
associated with swimming near storm drains. Pathogenic microorganisms that pose a threat to
swimmers/bathers in natural bathing areas are shown in the table below.
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Pathogenic microorganism threats in natural bathing areas

Diseases Sources Characteristics Symptoms
Leptospirosis Leptospira interrogan; water Generally found in fresh Fever, chills, and
contaminated with urine from water headache

infected animals such as rats,
swine, and cattle

Giardiasis Giardia Lamblia; in the intestinal Gastrointestinal illness; Diarrhea, cramps
tracts of mammals such as generally found in fresh
beavers and foxes living near water
bathing areas
Shistosome Larvae of certain trematode Common to freshwater Dermatitis characterized

dermatitis, known as
“water rash” or
“swimmer’s itch”

worms of birds and mammals
penetrate the skin

lakes in the north central
US; can be prevented by
limiting exposure to
water to less than 30
minutes, followed by
vigorous towel drying
between fingers and toes

by skin eruptions

Primary amoebic
meningoencephalitis

Naegleria fowleri; a free-
swimming amoeba associated
with warm natural bodies of water

Common to southern
US; a parasitic disease
untreatable with anti-
parasitic agents,
antibiotics, and
antimetabolites

Severe headache, fever,
and death

Otitis externa

Pseudomonas aeruginosa and
various species of staphylococci

Very common infection;
also known as
swimmer’s ear

Itching, pain, and
discharge from the ear

Schistosomiasis,
also known as
bilharziasis

Schistosoma mansoni (blood
flukes); snails act as intermediate
hosts for the cercariae, a larval
form of the fluke; also found in
parasite-infected drinking water,
and other Schistosoma species

Serious PH disease
found in fresh or mildly
brackish water of tropical
and semi-tropical areas—
not found in marine
environment

Diarrhea, abdominal
pain; liver and urinary
disorders

Cryptosporidiosis

Cryptosporidium; a pathogenic
intestinal protozoa found in man
and animals that forms resistant
oocysts; water contaminated
through direct deposit of human
and animal feces into receiving
waters

Oocysts associated with
turbid waters; ingestion
causes gastrointestinal
illness

Diarrhea

Sample the water quality of a natural bathing area based on health risk. Some health risk factors to
consider are proximity to the suspected pollution source, level of bathing area use, historical water
quality data, and occurrence of sewage spills or other pollution events. If conducting bacteriological
sampling, consult Title 40 CFR Part 131, Water Quality Standards, and AFI 48-114 for guidance.
AFI 48-114 recommends that E. coli and enterococci be used as the indicator organisms for
evaluating the microbiological suitability of the water in freshwater natural bathing areas. Enterococci
shall be used as the indicator organism in marine waters. Enterolert® or any equivalent method that
measures viable criteria as indicated in Title 40 CFR Part 136, Guidelines Establishing Test
Procedures for the Analysis of Pollutants, shall be used. For E. coli, Colilert® or any equivalent
method that measures viable criteria as indicated in Title 40 CFR Part 136 is used. All sampling shall
follow guidance in Standard Methods for the Examination of Water and Wastewater, current edition.

The EPA is encouraging state governments to adopt updated water quality criteria for E. coli and/or
enterococcus bacteria into their recreational water quality standards. However, many states continue
to use fecal coliforms as their primary health risk indicator.




1-73

Recall the concept of primacy; state governments that have been granted primacy for recreational
waters have the authority and responsibility to regulate standards. As a BE technician with the
responsibility to monitor your installation’s recreational waters, be aware of the state’s status of
primacy and adopted standards in order to know which standard is applicable to the situation.

As stated earlier, the medical group commander has overall responsibility for approving areas for
natural bathing based on the following physical considerations: site location, type of bottom, physical
water quality (riptides, currents), and common diseases. Services, PH, ground safety, and BE jointly
establish safety and warning guidelines for hazards particular to each bathing area. In addition, these
same representatives are required to conduct a sanitary survey, at least annually, for all natural
bathing areas. The survey examines potential sources of pollution that could have an impact on the
bathing area as well as safety hazards. Inspections of natural bathing areas should consider, as a
minimum:

o Examine for potential sources of pollution such as agricultural drainage or waste water
discharges.

e Evaluate the bacteriological and chemical effects of such discharges on the bathing areas.

o Evaluate water depth and bottom slope for safety.

e Evaluate area to ensure it is free of dangerous reptiles, submerged objects, drop-offs, or other
physical endangerments.

e Evaluate general cleanliness to ensure it is satisfactory for safety.
e Ensure proper first aid safety equipment is present.

e Ensure safety guidelines are prominently displayed and being followed/enforced by
lifeguards.

Self-Test Questions

815. Inspections of recreational waters

1. If there are microbiological indicators in treated swimming pools or hot tubs, then what does this
indicate?

2. On what four factors does water quality depends?

3. Why are disease transmission hazards greatest among swimmers in fresh water
swimming pools?

4. When is a pre-season swimming pool inspection done and why?

5. Describe the water quality parameters BE team members ensure are met during pre-season
spa/hot tub inspections.
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6. Explain the reason why you don’t normally collect bacteriological samples from a spa/hot tub.

7. Cite the reason why natural bathing areas present significantly more pathogenic organism risks.

8. Cite the other agencies BE works with to jointly establish safety and warning guidelines for
bathing area hazards?

Answers to Self-Test Questions

801
1. It determines how easy or difficult it is for water to move.

2. Because of their permeability.

3. Because of the natural or artesian pressure that exists in the aquifer.

4. They only have one layer of impermeable material beneath the saturated zone.
802

1. The water typically needs little or no additional treatment.
Excessive mineral content.

Because it is less likely to be contaminated with pathogens, have low turbidity, maintain nearly constant
temperature, be less affected by droughts, and be more difficult to contaminate.

Because of the discharge of pollutants into the water.

The availability of surface water may vary widely with each season of the year.

If the water source must supply a large and constant amount of water.

The water probably contains chemicals, minerals, and organic matter such as algae.

To prevent acidic corrosion and the precipitation of salts that can form scale in boilers and circulating
cooling water systems.

9. Adequate levels are necessary to prevent the drinking water from tasting flat.
10. They cause the water to exhaust its oxygen.
11. If there are areas where it’s determined there are chlorine-resistant pathogens.

803
1. To confirm the effectiveness of the water filtration and disinfection practices.
By limiting contaminant levels in drinking water.

3. Because primacy identifies the specific agency that has the primary (main) responsibility for administering
and enforcing the drinking water criteria at your installation.

4. DOD FGS or EGS.

5. (1) Runoff from the flight line, (2) all operations within the entomology shop, (3) potential surface
discharges from any base industrial operations, and (4) golf course maintenance operations.

804

1. The number of people served and whether the system serves the same customers year-round or only on an
occasional basis.

2. PWS.

w N
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3. Asystem that has at least 15 service connections, or regularly serves an average of at least 25 individuals
daily at least 60 days a year.

4. The agency of the state or federal government that has primary enforcement responsibility in accordance
with the SDWA.

805

1. Adding or removing substances from water in order to produce a desired change in quality.

2. To inactivate microorganisms in the water, thereby preventing them from affecting the human body.

3. A primary disinfectant is used to achieve a desired disinfection level to inactivate microorganisms and a
secondary disinfectant provides longer-lasting protection as the water moves through the distribution
system to the consumers.

4. Disinfectants can react with naturally occurring materials in the water to form byproducts such as TTHM
which may pose a health risk.

5. Unlike many other disinfectants, chlorine leaves a residual in the water, is easily measured and controlled,
and is economical to use.

6. Because an excessive consumption of fluoride over a lifetime may lead to increased likelihood of effects on
bones in adults, and young children exposed to excessive amounts of fluoride have an increased chance of
developing pits and staining in the teeth.

806

1. The water main must be disinfected and tested for coliform bacteria before being placed back into service.

2. The water line is flushed with potable water and samples are taken for bacteriological analysis.

3. The purpose of having three chlorination methods is to provide flexibility in responding to specific
situations to disinfect new water lines while still ensuring an absence of coliforms.

4. The general procedures include the following:

(1) Trench treatment.

(2) Swabbing pipes and fittings with hypochlorite solution.
(3) Flushing and chlorination of the line.

(4) Bacteriological sampling.

807

1. Toidentify, investigate, and document all cross-connections on the installation, and eliminate cross-
connection hazards on an installation and, when possible, eliminate cross-connection hazards.

2. A cross-connection is any temporary or permanent connection between a public water system and any
source or system through which non-potable water or other substances can enter the potable water system.

3. To identify and eliminate potential risks.

4. Provides technical assistance to support the Backflow Prevention and Cross-Connection Control Program;
assigns hazard classifications to each cross-connection; recommends appropriate protection for each cross-
connection; and reviews water system plans and drawings to identify potential cross-connections.

808

1. To evaluate and document the capabilities of the potable water system to continually provide safe drinking
water, and to evaluate the system’s compliance with federal drinking water regulations.

2. Anunderstanding of the current and potential threats to the water quality and system reliability.

809

1. A pre-survey should be accomplished to help determine what areas to focus on and how to divide up the

limited time during the onsite inspection. The following items should be reviewed:
(1) Previous sanitary survey report findings.

(2) Information about the physical facility.

(3) Compliance history of the facility.

(4) Treatment processes in place.
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(5) Monitoring requirements.
(6) Water quality data.
(7) Other relevant data.
2. The water supply can be a source of contaminants, pathogens, and particles.

3. To protect stored water from loss of chlorine residual, bacteria re-growth, contaminant entry, and other
water quality problems.

4. Unlike groundwater treatment processes, surface water and groundwater under the direct influence of
surface water is assumed to be contaminated by harmful microorganisms and will therefore require
additional treatment methods to physically remove those pathogens.

810

1. AFMAN 48-138_IP documents policy, standards, guidelines, and procedures that all military services need
to comply with to ensure water used by military and supporting civilian personnel for drinking, showers
and personal sanitation, and sanitation in the operational environment is adequate. AFI 48-144 is used to
ensure all other applicable AF surveillance requirements are met, such as WV A and sanitary surveys that
are not addressed in AFMAN 48-138_IP.

2. Any four of the following are acceptable answers, as they are all BE-specific roles outlined in
AFMAN 48-138_IP:

(1) Perform drinking water quality surveillance.

(2) Support investigations of potential drinking water-related illnesses.

(3) Maintain records of drinking water quality surveillance.

(4) Ensure laboratories perform analyses using required analytical methods.

(5) Ensure sanitary surveys are performed and recommend measures to maintain quality.
(6) Ensure special surveys are conducted as warranted in the event of contamination.

(7) Ensure WVAs are completed using USAFSAM references.

(8) Monitor and approves aircraft watering points.

(9) Interpret results of water analyses and reports.

(10) Implement public notification procedures when results indicate a potential health threat.
(11) Conduct engineering reviews of repairs and modifications.

(12) Review construction/modification plans and drawings to assess potential health hazards.
(13) Support cross connection and backflow prevention program by classifying health hazards.
(14) Advise commanders on source water protection opportunities.

(15) Maintain drinking water analytical data records. Brief commanders, force protection officers, and
other functional risk managers in reducing water-related risks from all causes to personnel and
mission-essential operations to an acceptable level.

3. STP standards are water quality standards that must be met to declare a water system potable during the
first 30 days of field operations, and LTP standards are water quality standards that must be met after the
first 30 days of water production point operation for a water system to continue to be declared potable
water.

4. Unlike LTP Standards, which must be met after the first 30 days of water production point operation for a
water system to be declared potable, MEGs do not need to be met for water to be considered potable.
Instead, MEGs are used to assess potential acute and chronic adverse health effects for personnel who drink
water that contains TIC. The MEGs include many chemicals that do not have LTP standards.

5. A raw water source sanitary survey involves examining the proposed water source and the surrounding area
for existing and potential sources of pollution and evidence of contamination.

6. Where a host nation municipal water system is identified as a potential water source for deployed
personnel, it must be considered a raw water source until it is approved by PM personnel. To be considered
for use as drinking water without additional treatment, the water must meet the STP standards for the first
30 days of use, after which the water must meet the LTP standards. For a host nation municipal water
system to be considered for use as non-potable shower and personal sanitation water, the water must meet
the criteria in AFMAN 48-138_IP, Table 3-22.
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7. Using the following formula, you need approximately 152 mg/L of liquid bleach.
mg/L liquid bleach = desired mg/L chlorine X number of gallons to be treated

13.2
=2 mg/L x 1000 gallons = 151.5 or 152 mg/L
13.2

8. PM personnel should test representative samples of bottled water (1 percent of the total number of bottles,
up to a maximum of 10 bottles). Bottles should be selected randomly selected from a lot.

1. The system is at an increased risk for an asymmetrical attack by operatives.

2. Assist commanders, force protection officers, and other functional risk managers in reducing water-related
risks from all causes to personnel and mission-essential operations to an acceptable level.

3. (1) Identifying control deficiencies that can lead to water degradation and/or supply disruption.
(2) Assessing corresponding levels of risk posed to personnel and mission-essential operations.
(3) Propose practical control recommendations and justification for corrective actions.
(4) Develop inputs for the CVAMP; secure Web-based vulnerability database.
(5) Assist stakeholders in recognizing and meeting relevant regulatory requirements.
(6) Educate stakeholders on water vulnerability and risk-related issues

812

1. These documents can provide information concerning threats, responsibilities, the water system, and its
operations and aid in validating the status of key programs.

2. They are the most knowledgeable individuals associated with the program area of concern and for
providing program-related documentation.

3. Checklists enable a uniform and systematic assessment of programs designed to ensure water security and
survivability.

4. To identify vulnerable assets and access points and assess whether control measures designed for their
security and survivability adequately meet criteria.

When the purveyor/supplier is relying solely on a fence for security and deficiencies exits.

To check for corrosion and structural defects.

Contractors, vendors, and others not affiliated with base.

Because of their widespread presence, accessibility, large port openings, and compatibility with connectors,
hoses, and pumps.

813

1. It helps ensure that consumers will know if there is a problem with their drinking water.

2. When any violations/situations with significant potential for human health to be immediately impacted as a
result of a short-term exposure occur; public notice is required within 24 hours.

3. Upto one year.
4. State and local regulators.

o N o o

814

1. It puts the annual drinking water quality report (from the previous calendar year) into the hands of the CWS
customers.

2. Either a copy of the original report or a modified version.

3. Asummary of all the water monitoring your BE office conducted at the base over the past year.

4. BE.

5. By July 1st each year.
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815
1. Possible insufficient water exchange, disinfection, and/or maintenance.

2. The efficiency of disinfection, sanitary conditions, number of bathers in the pool at any one time, and the
total number of bathers per day.

3. Because swimmers tend to ingest more water in swimming pools than swimmers in brackish estuarine
water and salt water.

4. Accomplished 30 days prior to the pool opening. To ensure that a safe and sanitary environment exists and
to allow enough time to complete any required corrective actions.

5. Measuring pH, temperature, and the disinfectant residual level.

6. Because conditions change so rapidly research indicates the need to collect a sample only if an illness
occurs.

7. Natural bathing area water is not chemically treated.
8. FSS, PH, and ground safety.

Complete the unit review exercises before going to the next unit.
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Unit Review Exercises

Note to Student: Consider all choices carefully, select the best answer to each question, and circle
the corresponding letter. When you have completed all unit review exercises, transfer your answers to
the Field-Scoring Answer Sheet.

Do not return your answer sheet to the Air Force Career Development Academy (AFCDA).

1. (801) What type of aquifer would cause water to be pushed in a well above the land surface?
a. Perched.
b. Pressure.
c. Artesian.
d. Unconfined.

2. (802) Groundwater is stored in
a. lakes, streams, and oceans.
b. snow, glaciers, and rivers.
c. unconfined and confined zones.
d. unsaturated and saturated zones.

3. (802) Which constituent is not commonly found in groundwater?
a. Nitrate.
b. Calcium.
c. Fluoride.
d. Magnesium.

4. (802) What dissolved gas needs to be at an adequate level to prevent drinking water from tasting
flat?
a. Oxygen.
b. Carbon dioxide (CO2).
c. Hydrogen sulfide (H2S).
d. Carbon monoxide.

5. (803) Which Environmental Protection Agency (EPA) drinking water standard is a guideline that
applies to the cosmetic effects of drinking water?
a. Quality.
b. Primacy.
c. Primary.
d. Secondary.

6. (803) What law passed by congress established a federal program to monitor and increase the
safety of all publically and commercially supplied drinking water?
a. Safe Drinking Water Act (SDWA).
b. Well Head Protection Program (WHPP).
c. Safe Drinking Water Surveillance Program.
d. National Primary Drinking Water Regulation (NPDWR).

7. (803) Which installation must comply with the Department of Defense (DOD) Final Governing
Standards (FGS) or Environmental Governing Standards (EGS)?
a. Hickam AFB, Hawaii.
b. Anderson AFB, Guam.
c. Elmendorf AFB, Alaska.
d. Royal Air Force (RAF) Feltwell, United Kingdom.
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8. (803) What program is designed to ensure the protection of groundwater supplied by public water
systems by protecting the area around the well head from all types of contamination?
a. Well Head Protection Program (WHPP).
b. Groundwater Protection Program.
c. Safe Drinking Water Surveillance Program.
d. Backflow Prevention and Cross-connection Control Program.

9. (804) What is the minimum average number of individuals served daily and the number of days per
year required for a system to be classified as a public water system?
a. 15 individuals for 30 or more days per year.
b. 25 individuals for 30 or more days per year.
c. 25 individuals for 60 or more days per year.
d. 50 individuals for 60 or more days per year.

10. (805) Which is the common type of water treatment used at Air Force (AF) installations?
a. Aeration.
b. Disinfection.
c. Scale Control.
d. Carbon Adsorption.

11. (805) Which disinfection method provides a disinfectant residual?
a. Chlorine dioxide (CO2).
b. Free chlorine.
c. Ozone.
d. lodine.

12. (806) After a water main is installed and at the end of a 24-hr holding period filled with
chlorinated potable water, the free chlorine residual must not be less than
a. 5 milligrams per liter (mg/L).
b. 10 mg/L.
c. 15 mg/L.
d. 25 mg/L.

13. (806) During a water main break repair, which water pressure will not require the water main to
be disinfected and tested for coliform before being place back into service?
a. 10 pounds per square inch (psi).
b. 15 psi.
c. 19 psi.
d. 25 psi.

14. (806) What is the most practical means of removing contamination introduced during water main
repairs?
a. Swabbing with hypochlorite solution.
b. Bacteriological sampling.
c. Slug chlorination.
d. Flushing.

15. (806) What method of chlorination may be used if the pipes and components are kept clean and
dry during the construction?
a. Slug.
b. Tablet.
c. Swabbing.
d. Continuous.
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16. (807) What describes the backward flow of water in the distribution system due to decreased
pressure (i.e., line break) in the potable distribution system?
a. Air gap.
b. Reverse flow.
c. Backpressure.
d. Backsiphonage.

17. (807) How often is the Water System Backflow Prevention/Cross-Connection Survey done on all
facilities?
a. Annually.
b. Semi-annually.
c. Every two years.
d. Every five years.

18. (807) What hazard classification for a cross-connection is also defined as contamination?
a. Low.
b. High.
c. Routine.
d. Potential.

19. (808) Which is not a critical element examined and evaluated during a sanitary survey?
a. Security.
b. Treatment.
c. Distribution.
d. Finished water storage.

20. (808) What results does a sanitary survey provide the installation?
a. Current and resolved risks to water quality.
b. Current threats and potential water sources.
c. Prioritized plan for security upgrades at well heads.
d. Current and potential threats to water quality and system reliability.

21. (809) What sanitary survey element are you addressing when you identify a discrepancy that tank
vents and overflows are not screened or protected?
a. Treatment.
b. Distribution system.
c. Finished water storage.
d. Pump/Pump facility and control.

22. (810) Which military field water standard is designed to prevent acute illness?
a. Short-term potability (STP) standards.
b. Long-term potability (LTP) standards.
c. Military exposure guidelines (MEG).
d. Environmental Protection Agency (EPA) maximum contaminant levels.

23. (811) Air Force Instruction (AFI) 10-246, Food and Water Protection Program, states Air Force
(AF) water supplies are
a. threats.
b. security risks.
c. credible targets.
d. security challenges.
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24. (812) Water vulnerability assessments (WVA) should be done or updated at deployed locations
a. annually.
b. semi-annually.
C. every ten years.
d. during each rotation.

25. (812) Which interview questionnaire is designed to be the initial checklist used when conducting
the joint interview of the Air Force (AF) system owner/operator and stakeholders?
a. Water Purveyor.
b. Water Security and Survivability.
c. Base Potable Water System Overview.
d. Anti-Terrorism Program Review for Water.

26. (813) How long does the base have to deliver a public notice of a Tier I violation?
a. 12 hours.
b. 24 hours.
c. 10 days.
d. 30 days.

27. (813) How long does a water supplier have to provide notice of a Tier 2 violation to its
customers?
a. 1 day.
b. 10 days.
c. 30 days.
d. 90 days.

28. (814) Which should not be included in the consumer confidence report?
a. The likely source of contaminants in the local drinking water supply.
b. The water system’s compliance with other drinking water-related rules.
c. The formulas used to reach the assessment results on local contamination.
d. How to get a copy of the water system’s complete source water assessment.

29. (815) How many days before opening is the pre-season inspection conducted at a swimming
pool?
a. 3.
b. 10.
c. 30.
d. 60.

30. (815) Which is one of the organizations that perform surveys of natural bathing areas?
a. Services (SVS).
b. Security forces (SF).
c. Fire department.
d. Environmental flight.

31. (815) The swimming pool manager or lifeguard measures potential for hydrogen (pH) at least
once every
a. hour.
b. 2 hours.
c. 3 hours.
d. day.

Please read the unit menu for unit 2 and continue =»
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with documentation that health risks have been identified and evaluated, and a confirmation

that proper control measures have been implemented in order to manage risks within
acceptable limits. BE career field, we do our part by evaluating and recommending controls for
potential occupational health and environmental hazards. You already know a considerable amount
about chemical exposures. We now need to discuss one of the principal methods of controlling
them—ventilation.

A SUCCESSFUL Occupational and Environmental Health Program provides organizations

2-1. Principles of Ventilation

The costs associated with the installation, operation, and evaluation of the performance of ventilation
systems can be staggering. Comparatively few people have an adequate grasp of the parameters that
must be considered for an efficient ventilation system. Many times in the past, this has resulted in
waste, insufficient protection, and a false sense of security for workers.

Your duties concerning ventilation will require you to have an understanding of the general principles
of ventilation. Special emphasis is placed on understanding airflow and how system components
affect it so that you can survey and recommend corrective measures effectively.

816. Characteristics of pressure within a ventilation system

There are various methods for moving air in a ventilation system; but you will probably deal
primarily with fans. The fan—or air mover, as it is often called—is the heart of the system. It creates
the pressure necessary to begin and maintain the airflow. Pressures are usually exerted within ducting
to carry the air to where it is needed or to capture and remove contaminants from a work area. The
most efficient type of ventilation, local exhaust, will also have some type of hood to help direct
contaminants into the duct more efficiently. Local exhaust systems may also have air cleaners (such
as filters or waterfalls) to prevent most of the contaminants from getting into the atmosphere and to
protect the fan from possible damage. All of these system components affect the pressure needed to
drive the system. A typical ventilation system is shown in figure 2—1.
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Figure 2-1. The five components of a typical ventilation system.

Static pressure

Static pressure (SP) is created when the fan is turned on and begins to suck the air from one side of
the system and deliver it to the other. Separated by the fan itself, the two sides are called upstream of
the fan (entry/inlet), and downstream of the fan (exhaust/outlet).

The word static means “not moving,” this sounds like a strange term to use when speaking of moving
air. It may also account for quite a bit of confusion in understanding just what SP is. A few examples
will help. A normal electric light bulb has a partial vacuum—the pressure within it is less than normal
atmospheric pressure. Figure 2—2 shows both negative and positive SP. It is negative in relation to
atmospheric pressure, which we use as the standard in determining whether a pressure is positive or
negative. Negative pressure means that the greater pressure outside of the light bulb has a tendency to
squeeze or crush the bulb. The pressure is exerted from all directions around the bulb. The fan
sucking the air from the duct also causes this partial vacuum, so SP upstream of the fan is negative.

Figure 2-2. Static pressures.

SP is measured within the duct (you cannot measure it outside) to assess the performance of the
system. All of the pressure measurements we make in ventilation systems are expressed in inches of
water pressure. This is abbreviated in wg (inches water gauge).
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Figure 2—3 shows a simple U-tube manometer used for pressure measurements. We will examine
more sensitive manometers later, but the U-tube enables you to better visualize the behavior of
different pressures. A U-tube is filled with water until the water levels on both sides (the meniscuses)
are on the zero mark in the center. Pressure exerted on one side causes the water levels to change on
both sides. The difference in the levels is the air pressure in inches of water.

STATIC PRESSURE

EXHAUSTING BLOWING

) —

" DIFFERENCE = 2.0"
__ (NEG PRESSURE)

— DIFFERENCE = 1.0"
— (POS PRESSURE)

Figure 2-3. Static pressure measurement.

SP is exerted in all directions; but for reasons you will see later, it can be measured only at 90 degrees
(°) to the airflow (called normal to the flow). We connect tubing from a small tap (pressure port) in
the duct to the U-tube as shown. Upstream of the fan, the suction (negative pressure) pulls the water
level upward on the left side with a corresponding drop on the right. The difference in levels is 2
inches—the SP in this part of the duct. On the blowing side, the water is pushed downward on the left
of the U-tube so that there is a difference of 1 inch—the SP on this side of the fan. Remember which
side of the fan you are measuring so that you can apply the proper sign (positive or negative) to the
value.

Velocity pressure

When the fan sucks the air from the duct to create the negative SP, air must come in from the hood to
replace it. Likewise, the positive SP on the blowing side of the fan is pushing the air through the duct,
thus causing it to flow. Because of this, we say that the SP is converted to velocity pressure (VP).

VP is the pressure exerted by air in motion. Just as you can feel SP, you can feel VP. Wind is an
example, as is the force of air you feel when you place your hand near a blower. SP is thought of as
potential energy—it has the potential to do work much as does a rock on top of a hill. When the rock
rolls down the hill, the potential energy is converted to kinetic energy—the energy of motion. In the
same way, the potential energy of the SP is converted to the kinetic energy of VP. A good example is
that of a balloon. Blowing up a balloon and then pinching off the air inlet causes a positive SP. When
you release the inlet, the SP causes the air to rush out—\VP. There is a direct relationship between VP
and the velocity of moving air. A simple formula we will use later converts VP to velocity. This will
help us when we begin to measure airflow in ventilation systems.

Because VP is the pressure of moving air, it is always measured in the direction of airflow. This also
means that it must always be a positive pressure. Since VP is measured indirectly, we need to discuss
total pressure (TP) to fully understand what happens in the measurement process.



Total pressure

Total pressure is simply the sum of the static and \VVPs at a given point in the duct-with due regard for
sign. This means that at 5 feet upstream of the fan, for instance, be sure to note that the SP value has a
negative sign and the VP is positive. You could have a SP of—2.0 in wg and a VP of 1.5 in wg,
which would result in a TP of—0.5 in wg:

TP =SP + VP
TP=-20+15
TP =-0.5inwg

Note that the TP upstream of the fan is negative. When the SP is negative, the TP will be negative.
On the blowing side of the fan, all values are positive (illustrated in the table below):

SP VP TP

Upstream of fan
Downstream of fan + + +

As shown in figure 2—4, TP can be measured with the use of an impact tube directed into the airflow.
With this device you not only measure the force of air impacting against the opening of the tube—
VP—Dut also the SP since it is exerted in all directions (hence the total pressure). Upstream of the
fan, the SP is stronger than the VP (2.0 versus 1.5). Since one is negative and one is positive, they
work against each other with VP losing the battle. This offsetting of the VP prevents air from entering
the impact tube. The effect is that the air is sucked out of the tube due to the negative pressure.

TOTAL PRESSURE
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Figure 2—-4. Total pressure measurement.

The impact tube also measures the combined static and VVPs on the blowing side. Here the air enters
the tube. The two positive pressures team up to push the water in the U-tube downward. Although we
do measure the TP, its value alone is of little importance to us. To get a meaningful value, we must
measure the SP at the same time. With the SP connection on one side of the U-tube and the TP
connection on the other, we measure the VP indirectly as in figure 2—5. Looking at the exhausting
side, remember that both the static and TPs have the effect of sucking the air (and thus the water)
from the tube. When both sides of the U-tube are connected, the SP draws the water up on the left
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while the TP draws it up on the right. The difference between the two is the VP. The U-tube
automatically makes the subtraction for you. The pressures also counteract each other on the blowing
side except that they are forcing the water downward on both sides of the U-tube (due to the positive
pressures). The result is the same: the SP is subtracted from the TP to get the VP: VP = SP - TP.

VELOCITY PRESSURE

EXHAUSTING BLOWING
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Figure 2-5. Velocity pressure measurement.

817. Pressure losses and their association with system components and performance

The conversion of SP to VP is not without sacrifice. There are pressure losses throughout the system
(exactly like the pressure drop in an air sampling train) starting with the entry of the air into the hood
or opening. Remember that the negative SP in the duct causes air to be drawn into the opening, thus
producing a VP. If there were such a thing as a perfect hood, there would be a 100 percent
conversion—the VP would equal the SP. However, there must always be losses in the conversion, so
the SP at this point is stronger than VVP. Therefore, SP = VP + losses.

Dynamic losses

Air entering a duct suffers from a great deal of turbulence. Losses due to turbulence are called
dynamic losses (dynamic: moving). The relatively still air outside of the duct is drawn in from many
different directions. As they are accelerated in the narrow confines of the duct, the air molecules
tumble against the sides of the opening and each other and create the turbulence. The air stream is
also “squeezed” just inside the duct due to the molecules from different directions trying to rush into
a small area. The point of this squeezing is known as the vena contracta (fig. 2—6). It is important not
only because of the losses incurred but also because you must avoid this unstable area when making
pressure measurements. A short distance (typically 3 or 4 duct diameters) downstream of this area
(toward the fan), the air fills the duct and flows more smoothly.
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Figure 2-6. Entry losses.

The vena contracta (and thus the losses) can be reduced if the air enters the duct more gradually. This
is why hoods should be tapered from their openings back to the duct whenever feasible. There will
still be losses, but the static to VP conversion is more efficient.

Adding a flange also reduces the vena contracta. A flange is a flat surface that is attached to the
perimeter of the opening. It reduces the amount of air that would otherwise come from behind the
opening. A flange causes more air to be pulled in from the front of the opening so that there is less
trouble with turbulence from air rushing in from so many directions. It also has the added benefit of
better contaminant capture since more air is drawn in from the front where the contaminant is.

The losses that occur when air enters the system are called hood entry losses (he) whether there is a
hood or not. He are important to consider when deciding upon a hood type for a certain contaminant.
Losses are wasted energy since more losses mean less conversion to VP. Less VP, of course, means
less airflow and ultimately less contaminant control.

An alternate method to express the efficiency of a hood is by the coefficient of entry (Ce). This will be
of use to us later when evaluating ventilation systems. This coefficient is defined as the square root of
the ratio of duct VP to hood static pressure (SPr). The SP we must use is that found a short distance
from the hood throat (where the hood meets the duct). It is called the hood static pressure. SP, should
be measured about 2—6 duct diameters downstream in a straight section of the hood duct. The
measurement can be made with a pitot tube and a manometer. The VP is found anywhere along the
duct where the airflow is smooth—for instance, adjacent to the hood, where there are no bends,
enlargements, contractions, or other disturbing influences.

We find the C. with the formula below. Using the example of 2.0 in wg VP and 2.5 in wg SP:

Ce = VP /SPn
Ce=+20/25

Ce = 0.89 (no units)
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This represents an efficient hood design. The Ce must always be less than one since one (100%)
represents the value for the impossible perfect hood. You can find coefficients of entry for various
hood types in references such as Industrial Ventilation published by the American Conference of
Government Industrial Hygienists (ACGIH). The values give a good quick comparison of different
hood designs. Most hoods have only a single value; but some, such as slot hoods, have two, one for
entry into the slot and one for subsequent entry into the duct.

Dynamic losses are extremely important in the area of the hood, but turbulence is also created in a
number of other sections of the system. You will have losses wherever there is a bend (elbow) in the
duct, changes in the duct size, and adjustable devices in the duct to restrict flow. If there is an air
cleaner on the system, it will usually cause some of the highest losses. This can have a lot to do with
the choice of air cleaners for a given fan capacity or with the choice of a fan that can operate with a
type of air cleaner that must be used.

Friction losses

As if dynamic losses were not enough, we must also contend with friction losses. Friction losses are
due to the air molecules rubbing along the sides of the duct. This rubbing places a drag on the airflow.
You can see evidence of this drag when you measure VP. You find stronger VP in the center of the
duct than you do closer to the sides. If you could see the pressure in the duct, it would resemble a
portion of a bubble—a bulge in the center and a drag along the sides.

Four major factors contribute to friction loss: duct material, air velocity, duct diameter, and duct
length. A rough metal surface is obviously going to cause more friction loss than a smooth one; so
ducting materials available on the market are generally smooth (but there are varying degrees). Faster
traveling air molecules also cause more friction as well as turbulence and could result in a lot of
wasted energy for a relatively small gain in velocity. A direct influence on the velocity (and friction)
is the diameter of the duct. A small duct with high velocity will experience more friction losses than a
large duct with the same air-flow rate. As an example, if a SP of 2 in wg existed within a 12-inch duct
at a certain velocity, the SP would change to 4 in wg with a 6-inch duct, assuming you have the same
velocity. Finally, friction increases as the length of the duct increases. You can find the estimated
friction for a duct with charts in such references as Industrial Ventilation. The friction charts are
based on the duct diameter and air velocity. The value you get from them will be in friction loss (in
wg) per 100 feet of duct.

Total system resistance

Look at figure 2—7. All losses in the system, both upstream and downstream of the fan, add up to the
total system resistance in the form of SP at the fan. The total resistance of the system is what the fan
must work against to provide the needed flow. Thus, there is a SP for the system, such as the duct
design, and a SP developed by the fan. There are two things to make note of when dealing with the
system resistance. First, the SP becomes more negative as you approach the fan inlet, indicating more
resistance. Second, VP should remain constant as long as the duct size does not change. As stated, the
fan also develops SP and must develop enough SP to overcome the system resistance while providing
the needed airflow.
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Figure 2-7. Total system resistance.

Figure 2—8 illustrates how the system resistance discussed above ultimately influences fan
performance. Assuming that the fan is capable of providing an airflow volume (Q) of 4700 cubic feet
per minute (cfm) when it is not connected to a system (free blowing). When the same fan is connected
to a system having a resistance of four in wg, it can only deliver about 3000 cfm. Connected to a
system having a resistance of eight in wg, it drops to 1200 cfm. Totally blocking the air inlet causes
the fan to develop a high SP. For our example fan, this would result in a SP of about nine in wg with
a VP of zero.

The discussions of pressure losses mostly affect engineers who design ventilation systems or replace
a fan of an existing system; however, this information should be more than just academic interest for
BE. Knowing something about the subject can help prevent you from making mistakes in evaluating
various types of ventilation systems. It will also be of help when you must find out how a system can
be improved. There have been numerous cases of systems with needlessly long ducts that made them
less efficient. Others have had so many bends and contractions that the airflows were howhere near
what they could have been. You can see that eliminating these design flaws whenever possible can
greatly enhance the control of contaminants in the workplace.
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Figure 2-8. Effects of system resistance on fan performance.

818. Principles of velocity
Remember that velocity is a major cause of system resistance and is therefore indirectly proportional

to SP. On the other hand, velocity is directly proportional to VVP. These relationships are put to good
use in calculations involving design of ventilation systems and measurements of airflow.

Pressure to velocity

Although we are speaking of measuring air pressure to find velocity, we must use units involving
water pressure (in wg). Air is obviously less dense than water, so there is less of an affect by the force
of gravity. Suppose you create a perfect vacuum in an enclosure at sea level and 70°F. In the
enclosure, we have a column of water only an inch high and 1 square foot in area. It would be acted
upon with the same force of gravity (would exert the same pressure) as a column of air with the same
area that is more than 69 feet high. A column of water 1 foot high is acted upon the same as an air
column about 831 feet high. Under the conditions mentioned, a cubic foot of water weighs about 62.3
pounds, and a cubic foot of air weighs about 0.075 pounds. Note that 62.3 divided by 0.075 equals
831 (fig. 2-9). So, air is 831 times less dense than water.

It is this force of gravity and the relationship of the densities that enables us to derive a formula for
velocity from the simple equation:

V= ,/2gh

Where:

V = velocity in feet per second (fps).

g = gravitational acceleration in feet per second per second (32.2 ft/sec?).

h = head of air in feet (831 feet—the height of a column of air exerting the same
pressure as 1 foot of water).

The equation calls for VP in feet of water. Filling in the values and units, we have:
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Figure 2-9. Air pressure versus water pressure.

Since we measure VP in inches of water, we use the conversion of 1 foot/12 inches in the formula.

ftlsec = |2 % (32.2 ftJ . (62.3 ij LAt X( 1ft jxlin(vp)

sec? 1ft3 0.0751b 12in
It is helpful to view the formula with only the units shown for the sake of dimensional analysis. We
ensure that feet per second will result by canceling units:
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e [ ft ) [lbj ft® (ftj .
— | X| — | X| — [X| — | XIN
Sec x Sec ft® Ib in
[fexft [ f2  ft
Vv = Vsecxsec = Vsec® = sec (or fpm)

We express the velocity in feet per minute (fom) in ventilation work rather than fps, so a further
conversion is used, 60 seconds/minute:

ft  60sec 60ft
V= secx 1min = min (or, 60 fpm)

Now, using only the numbers in the formula, including a VP of 1 in wg (the conversion from fps to
fpm is outside of the radical sign):

V =60 \/2x32.2x 62.3x1(VP)
0.075x12
V =60+/4458 =60 X 66.77 = 4005 fpm

Having determined this, we can use a much shorter formula, since we know that a VP of 1 in wg
represents 4005 fpm:

V (in fpm) = 4005/ VP

Understanding how this formula was derived can help prevent confusion later. It will help you to
have a firmer grasp on the principles of airflow.

You should recall that the Ce is a comparison of VP to the SPy and that velocity is therefore related to
SP. When the C. is known for a certain hood type, you can use it with the SP (instead of the velocity
pressure) in the formula for velocity:

V = 4005 Ce+/SPn

Air density

Air has a weight density of 0.075 Ibs/ft® (pounds per cubic foot) at standard conditions while water
weighs 830 times that of air, 62.4 Ibs/ft®. These conditions are 70°F at sea level, which corresponds to
an atmospheric pressure of 29.92 in Hg (mercury). These are the conditions of standard temperature
and pressure (STP) that are used in ventilation work. Air (and water) will not have the same weight at
other conditions as it did at STP. This also means that a VP of 1 in wg will not be equivalent to an air
velocity of 4005 fpm at other than STP.

Finding the correct velocity from a VP when air is at different conditions requires the use of a density
factor (d), derived from use of the Ideal Gas Law equation (P = pRT), where the air density (actual) =
air density (standard) x d.

530
d = (p = Ib/ft®) = 0.075 ir density (——————
(p ) STD air density (460 oF )
Or

d=  530xBP
460 + F x 29.92

Where:
Standard air density = 0.075 Ib/ft2@STP
530 = Standard temperature in Rankin (absolute: 70°F + 460) ‘R

BP = Barometric pressure (station pressure where measurements are made—
uncorrected atmospheric pressure, in Hg)
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°F = Temperature of the air stream

You should use a density factor in ventilation work when air stream temperatures are +/- 30°F from
standard (below 40°F or above 100°F) or when the elevation differs 1000 feet or more from sea level.
However, when you have some doubt about the effect air density may have, use the density factor.

A density factor of one indicates operation at STP conditions. A factor of less than one means that the
air is less dense than standard air and greater than one means it is denser than standard air. The
density factor is simply a ratio of the density of air you are dealing compared with to the density of air
at STP. For instance, the density factor for air with a density of 0.048 Ib/ft® compared to STP air
(0.075 Ib/ftd) is:

5 = 0.048 Ib/fis

—— — — ~ =0.64 (no units)
0.075 Ib/ft3

You would have a rarified (less dense) air with a barometric pressure of 29.27 in Hg and an air stream
temperature of 350°F (which is possible):

d= 530 x 29.27 = 0.64 (no units)
(350 + 460) x 29.92

To see how this would affect our calculation of 1 in wg VP to velocity:
V=4005 [VP =4005 / 1 =4005.1.5625 = 4005 x 1.25 = 5006 fpm
d 0.64

The air is actually traveling through the duct faster than you would have mistakenly thought if you
had omitted the density factor. One in wg of VP measured in another system moving denser air than
STP would result in an actual velocity of less than 4005 fpm.

The term actual velocity has a very specific meaning. It means just what it says—the actual, or true,
velocity of the air stream as opposed to the velocity at STP. When we use the term actual velocity, we
are referring to the existing conditions, or the conditions of measurement. We add a subscript to the
symbol V to show that it is the velocity at measurement conditions (V).

A more difficult concept is that of the velocity at standard conditions (Vs). The Vs, of course, is not
the true velocity but relates more to the number of molecules (weight of the air) moving through the
system each minute. It is essentially a comparison of the weight per cubic foot moved each minute at
Vm to the weight per cubic foot you would have at STP. (This actually relates more to the Q, but this
concept helps to clarify V;). More molecules moved at a given speed equate to a higher Vs. Similar to
what was shown earlier:

s = actual velocity x Ib/ft® of air moved at measurement
Ib/ft® of air moved at STP

Vs = 5006 fpm x 0.048 Ib/ft?
0.075 Ib/ft3

Vs = 3204 fpm
In our daily work, we would use the very same density factor that we figured earlier to find Vs:
Vs=Vmnxd
Vs = 5006 x 0.64
Vs = 3204 fpm

We will use Vs to quite an extent in dealing with ventilation design standards (key parameters) and
evaluations of performance. The concept of Ib/ft3 of air moving through a system will become very
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important. You will find that the density of the air can have considerable effect on the force needed to
capture contaminants and transport them through the ducts.

Velocity types

Another area that can cause confusion is the terminology used for different types of velocity. The Vi,
and V; just discussed appear to be types of velocities, but we are speaking of something different
here. For instance, you have a certain velocity at the hood face and you have a certain velocity in a
section of duct, both of which can be in terms of Vi, or Vs. The types of velocities we will cover here
are those used to describe velocities in various parts of a ventilation system or those used as standards
to be met (fig. 2-10).

QUTLET (FACE)
VELOCITY

CAPTURE !
vELociTy - DUCT OR TRANSPORT =
/:r//' q 8 VELOCITY " q 8 x‘. -
[
P
FACE OUTLET,(FACE)\\T T
VELOCITY VELOCITY

SLOT (FACE)
VELOCITY

DUCT OR TRANSPORT
— ——
g 8 YELOCITY q E

RC=3=1=10

CAPTURE
VELOCITY
""_/- —
o—— -

Figure 2-10. Velocity types.

Capture velocity

The most important type of velocity is capture velocity; however, not all hood types are based on it,
as we will see later. It is the speed of the air at a point in front of the hood that is required to pull
contaminants into the hood. As such, it is a standard to be met—not something that necessarily exists.
Rather, the velocity of air that a system is pulling at the point in front of the hood where the
contaminants are being released should be at least that of the capture velocity requirement.

The velocity in front of a hood cannot be accurately measured for comparison to capture velocity, but
it can be estimated from the Q in the system. More important than this, we will later calculate Qs that
will give us the proper capture velocity. The results of these calculations will be a certain Q at STP.
For any system that is to be operated at other conditions, such as high altitude or heated, we need an
STP conversion. The reason for this is that the capture velocity, or the velocity in front of the hood, is
actually a measure of force—the force needed to pull in the contaminants. At STP, a certain capture
velocity will have the required force. At other conditions, it may not. Air with a low density, for
instance, has fewer molecules per cubic foot, so it has less force to move contaminants.

Face velocity

This is the velocity of air across the plane of an inlet or outlet to the system. Most face velocity
measurements we make are at the face of a hood, but they can usually be made at the discharge end of
the system as well. The low velocities normally found at a hood face coupled with the fact that air
comes into it from many directions means that face velocity measurements are also generally
inaccurate.
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Slot hoods also have a face velocity, but it is usually called slot velocity to distinguish it from other
types. Velocities at slots are much higher than at most other types of hoods. They also have higher-
pressure losses because of the high velocities through narrow openings.

Duct velocity

Duct velocity actually has two meanings. The most obvious is simply the speed of air in the duct. The
other is what is known as transport or conveying velocity. For example, you may see a design
standard for a type of ventilation that says “Duct velocity=2000 fpm minimum.” This is a standard to
be met—a transport velocity. It is the velocity needed in the duct to keep the contaminants (such as
dusts) entrained in the air stream so that they can be moved through the system without settling and
causing clogging. The effect of air density on pressure is an important consideration, just as it was for
capture velocity. The system is to be designed so that the velocity (at STP) in the duct will match or
slightly exceed the transport velocity requirement. A certain duct velocity is achieved by installing
appropriately sized ducts in the system.

819. Relating area, velocity, and density to the mass flow of air

The Q, or mass flow in cfm, is at the heart of any study of ventilation. It is the major key parameter
concerning the ability of a ventilation system to control contaminants. You should remember its
association with pressure losses and capture velocity. Note too that it represents the total quantity of
air flowing through the system and thus is the measure of a fan’s capacity. To begin our study of mass
flow, we must return briefly to velocity.

Velocity and area

The velocity of an air stream is a one-dimensional value. However, we know that the linear feet (ft?)
per minute of air must travel through some cross-sectional area (A) such as a duct or hood face. Area
is two-dimensional because it has length and width; and, because we use units of fpm for the velocity,
we must use square feet (ft?) to express the area. Therefore, when a certain velocity flows through a
certain area, we come up with the three-dimensional value for volume:

Area (ft?) x Linear feet (ft') = Volume (ft%)
and

1 3
Area (ft?) xVeIocity( ft ]: Airflow Volume [ft j
min min

We now have the formula to find the Q of a ventilation system: Q = AV. This simple formula has
been adapted for many uses, so you will see many variations of it. Some variations are difficult to
recognize; others are straightforward. For example, you should recognize the following formula:

|Q = A@4005./vp)| or [@ = AMV)]
In another example, you may see a design for a type of ventilation system that requires the Q below:
Q=V (WxH)
Q=VxA

The V represents the velocity of air that is to flow through an opening with certain dimensions of
width and height (W x H).

It is important to realize that the velocity and area you use in the formula must be at the same exact
point in the system to find Q correctly. If you measure the average velocity at the hood face, for
example, you must use the area of the hood face to find Q. If you find the velocity at the outlet, you
must use the area of the outlet. Ridiculous as it sounds, there have been numerous cases of people
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measuring velocity in the duct, for instance, and attempting to calculate Q by using the area of the
hood.

By now, you know quite a bit about the airflow velocity, but it is a good idea to review how we find
areas. Any careful measurements of velocity you may make are not worth much if the area is figured
incorrectly. One simple problem is that, although areas of ducts and hoods must be expressed in
square feet, their dimensions are almost exclusively expressed in inches. You may have a slot hood
that measures 2 inches by 36 inches but the area is 0.5 square feet, not 72 square inches. You may
also have an 8-inch round duct (diameter), but its area is 0.349 square feet. For rectangular areas, it is
simply a matter of multiplying the length times the width and dividing by 144. The reason for this is
that there are 144 square inches per square foot. To find the area of a round duct from its diameter, we
use the following formula:

ar 2

A(ft?) =-"—
(1) 144

Where:
r = radius in inches (one-half the duct diameter)

A calculation for the area of our 8-inch duct (4-inch radius) would be:

2
A(ft?) :% = 0.349

There are standards for some types of ventilation that employ a slightly different unit involving Q and
A. This is cubic feet per minute per square foot (cfm/ft?). You should understand this unit well
because you are bound to run across it someday, and it means different things for different situations.
A paint booth, for instance, is required to have a certain number of cfm/ft? of cross-sectional area.
Referring to figure 2—11, you can see that the cross-sectional area is the width times the height of the
booth. Each of the 64 square feet has its own allotment of 100 cfm flowing through it. The total Q for
the system is therefore 6400 cfm (64 x 100).

You may have noticed that the 100 cfm/ft? flowing through the booth equals the average velocity
through the booth—2100 fpm. The cfm through a cross-sectional area is the same as the velocity
because (to go backward) cfm divided by ft? equals velocity:

Q=AV=ft2fof_T
t

V= g:Cf_m
A ft?
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Figure 2-11. Airflow through a cross-sectional area.

When the unit is used as the number of cfm/ft? of floor space, for instance, the meaning is different
and does not equal the average velocity. In this case the area in question is the width times the length
(not height) of a room. The cfm flows over this area and not through it. Similar to a cross-sectional
area, each square foot has its own number of cfm flowing across it. Again, the square foot area
multiplied by the number of cfm/ft? gives the Q. Another example of the use of this unit is with open-
surface tanks. These require a certain number of cfm/ft? of tank surface area.
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Conservation of mass

A vitally important concept in ventilation is that the mass flow is the same throughout the system.
What goes in must come out. You have different types and values of velocity but only one Q for the
system (Q1 = Q2=Qs). A major reason why this concept is so valuable is that you can usually
measure the airflow at the most convenient or accurate location in the system and calculate what the
cfm and resulting velocity will be in another part of the system.

Returning to the paint booth briefly, the relatively low velocities within the booth tend to result in
inaccurate measurements of airflow. However, we often measure the outlet velocity. The higher
velocity at the outlet produces readings that are more accurate. If you had an outlet with a diameter of
2 feet, 8 inches (5.585 ft?) and measured a velocity of 1146 fpm (more exact than you can expect), the
Q would be 6400 cfm. Knowing that the 6400 cfm coming from the outlet must be flowing through
the 64 ft2 cross-sectional area of the booth, you can calculate the velocity (or cfm/ft?) within the
booth:

V= 2 = M:loofpm

A aft?

Refer to figure 2—-12 to expand on this idea. A hood with a face area (Ar) of 1.25 ft? has an air velocity
of 500 fpm flowing through it. Using subscripts to denote where the values come from, we find a Q
of 625 cfm:

Q=ArVi
Q = 1.25 ft? x 500 fpm = 625 cfm

If there is 625 cfm coming in the hood, there must be 625 cfm flowing through the 6-inch duct and
the 8-inch duct and out the 7-inch outlet:

Q = AV = AdVy

Suppose you had measured the flow in a 6-inch section of duct and found 3190 fpm. You may be
concerned whether the flow in the 8-inch duct was meeting the transport velocity requirement of 2000
fpm. You do not need to measure the flow in the 8-inch section. Simply calculate the flow starting
with Q. In the 6-inch duct (0.196 ft?):

Q=AvV

Q =0.196 ft* x 3190 fpm = 625 cfm

We know the 8-inch duct must have the same 625 cfm, therefore:

v=Q - 625¢Im _ 1790 tom

A 0.349ft?
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Figure 2-12. Constant air flow volume in a system.

According to our calculations, the transport velocity requirement is not met. What recommendation
can we make to correct the problem? Replacing this section of duct with one of smaller diameter will
increase the velocity. To find the duct size we need, we use the existing Q and the transport velocity
requirement of 2000 fpm. First, find the area needed:

V 2000 vfm
From the area, we calculate the diameter needed (in inches):

/A X144 0.3125x144
Dia =2 T =2\ 314 = 7.57 inches

You will not find a duct this size. Say that a 7-inch duct is available to replace the 8-inch duct. You
can then calculate the resulting velocity with the 7-inch duct (2340 fpm, shown in figure 2-12).
Actually, this is only close to the velocity you would get. Remember that a smaller duct will cause
more system resistance and therefore less cfm and fpm, so do not go too far in trying to increase
velocity this way. In addition, if the system has operated for years with no trouble, it is best to leave it
alone.

Similar to duct sizing, you may come across a design for a slot hood that requires a slot velocity of
2000 fpm. It may simply state that you should size the slots for this amount. It will still depend on the
existing or planned Q of the system. If you planned on a Q of 1000 cfm and needed a slot along the
length of a table 36 inches long, you need to know what slot width will provide 2000 fpm. Find the
slot area in ft? and then in?:

A= Q =1000ctm _ 452y 14 in?fe = 72 in?

V 2000 fpm
Find the slot width from the area and length:
HJ
=A=72 |_n _2in
L 36in

The 2-inch slot width will provide the necessary 2000 fpm.
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Comfort and dilution ventilation are used to ventilate wide or general areas rather than a specific
point of contaminant release, as with local exhaust. Because of this, some references group them
together under either the heading general ventilation or the heading dilution ventilation to include
both types. We need to make some distinction, however. Comfort ventilation is meant to do just what
its name implies—keep workers comfortable, at least comparatively. Dilution ventilation, on the
other hand, is used to control some type of airborne hazard in the workplace.

820. Principles of dilution ventilation

A more important purpose for so-called general ventilation is the control of airborne contaminants
that may pose a threat to health. In dilution ventilation, we are interested in providing enough clean
air to a room to mix and dilute the contaminant to safe levels. It is not as efficient as local exhaust
ventilation, but there are circumstances when various limitations make it more feasible to use.

By this time, we have already determined that there is a need for some form of ventilation. The choice
of dilution ventilation and how well it functions depends on a number of factors. First, it can be
calculated only for vapors (or gases), as opposed to aerosols such as mists, fibers, and fumes. There
are general guidelines for welding shops, but it is not possible to dilute contaminants that settle as
rapidly as sawdust. The substance(s) to be controlled must have a lower density than air.

Toxicity

The contaminant must also be low in toxicity. Remember that dilution ventilation does not remove
contaminants from the workroom, so there will usually be some exposure. A general rule is that
dilution should not be used for substances with an occupational exposure limit (OEL) of less than 100
ppm (although you may find some in operation that do not comply with this). This appears to use
OELSs as indexes of toxicity, but this is not intended. You might recall that one of the uses for OELs
was engineering design. Also, the Q will depend on the OEL of the chemical to be controlled. Using
dilution for a substance with a low OEL can require such a large volume of air as to be impractical.

Concentration and rate

The contaminant must also be generated in low concentrations and at a uniform rate. High
concentrations again point to the need for excessive amounts of dilution air. Uneven “spikes” of
contaminant generation during the day can tax the system’s ability to control the substance. The
spikes may cause periods during which concentrations exceed short-term limits. The air volume
required is based on the average amount of a substance used during a period.

Supply and exhaust

A combination of supply and exhaust (not local exhaust) is preferred for proper air distribution and
dilution. Figure 2—13 shows a blower outlet and an exhaust inlet both with a diameter of 1 foot and
identical face velocities of 1000 fpm. The velocity of air from the blower will be about 100 fpm at 30
feet from the outlet face. The velocity of air to the exhaust inlet will be about 100 fpm at only 1 foot
from the inlet face and non-existent at 30 feet. Supply provides a far more directional airflow to mix
with the contaminant better.
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Figure 2-13. Blowing versus exhausting.

The directionality of the supply system is put to good use by ensuring that the air flows past the
worker and through the source of contaminant generation. From there, it should empty out through
doors, windows, cracks, or, ideally, an exhaust system. You certainly do not want any type of
arrangement where the chemical vapors are being blown into the worker’s breathing zone. Another
concern is that the supply must be tempered—heated or cooled. The expense of treating the large air
volumes that dilution systems deliver can be a major limiting factor in the use of this type of control.

Air pressure

The last goal we need to discuss involves the air pressure within the workroom. Unfortunately, this is
ignored too often. A workroom in which dilution ventilation is used should have a slight negative
pressure if an adjoining room is normally occupied. This means a room that is next door through the
wall, not a separate building. Figure 2—14 shows an example of a workroom with offices adjoining
it—the workers in the offices are supposed to be considered unexposed (something you should
check), and you do not want the vapors spilling into such areas. If adjoining rooms are not routinely
occupied (such as closets and one-room buildings), it is better that the workroom has a slight positive
pressure. This helps to provide more outlets through cracks, windows, and doors for the vapors.
Another way to state these pressures is that the positive pressure comes from a slight excess of supply
and the negative pressure comes from a slight excess of exhaust.
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Figure 2-14. Workroom air pressures.

Key parameters

Dilution is truly a type of industrial ventilation; it is used to control chemicals with concentrations
that have been found to be over their OELs. We calculate the Q that is required based on the
contaminant data and conditions under which it is used. The Q we come up with is called a design
standard or key parameter. We use it as a standard to be met. A new system to be installed is
designed with this air volume and we test the system after installation to see if the key parameter is
met. If a system already exists but has never been tested, we also calculate the key parameter to see if
the existing flow meets it.

The key parameters should be documented outlining the system. This should be completed before
making airflow measurements for a system. It mainly describes the contaminant to be controlled and
characteristics of the system. (NOTE: It is not considered an industrial ventilation system if there are
no contaminants to be controlled). Notice that the local exhaust section is not used since we are
dealing only with dilution.

Using pounds/hour

The Q needed can be calculated using either pounds per hour (Ib/hr) or gallons per hour (gal/hr) of
contaminant evaporated. You will probably get this information in terms of the amount used during
the operation, such as 20 Ib over 4 hours (20 1b/4 hr). It will always be necessary to convert to the
amount used in 1 hour:

201b
4 hr

=5 Ib/hr

At standard conditions, one pound-molecular weight (Ib-mole) of a material will evaporate to fill 387
ft3 of space. We need units of cubic feet per minute (ft3/min), so we use the conversion factor of
1-hour per 60-minutes. Note that the units of pounds and hours cancel to end up with ft3/min.

387 ft* Xllb—molex 1hr
1lb - mole hr 60 min

= 6.45 ft3/min

The K is a factor to account for three main variables. The K factor is the point at which the size of the
box converges with the maximum airflow at 1” VP. The most important is the effectiveness of the

ventilation—how well it mixes the contaminant for dilution. We determine the K factor very much as
we did for vapor calculations. Examine the room for obstacles and how the ventilation system directs
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the airflow throughout the room and especially through the point of contaminant generation. The
other two items to consider for the K factor are the toxicity and evolution rate of the contaminant. If
we use OELs only as guides in engineering control, chemicals with OELs over 500 ppm are
considered only slightly toxic. Those from 100 ppm up to 500 ppm are called moderately toxic. A
high OEL tends to lower the K factor, and a low OEL requires higher K factors. The consideration of
evolution rate again refers to how uniform the vapor is generated, non-uniform generation requiring
higher K factors. As the choice of a K factor is subjective, it is best for at least three people each to
weigh all considerations, for each to estimate a K factor, and then for all three to decide on one
reasonable value after discussing it. K factors usually range from one to ten but may be higher if air
distribution is very poor. Also, a factor of one is usually considered too good to be attainable.

The 10° factor is used because we must express C (concentration) in parts per million (not mg/m3).
We are using a volume of air to dilute a volume of vapor in a room and ppm is the volume-to-volume
unit needed. We are therefore determining the Q that will keep the chemical vapor concentration at
the OEL level at all times. In actual practice, you will most likely find that a well-designed system
will keep the concentration well below the OEL.

To see how the formula works, we will use an example situation involving ethyl acetate, a moderately
toxic agent. It is generated at a steady rate of about 9.5 Ibs/hr in a room with good air distribution
from the ventilation system. Based on this, everyone has agreed upon a K factor of four. Ethyl acetate
has an OEL of 400 ppm and a molecular weight of 88. It is always best to tabulate all your
information first for better organization:

Ethyl acetate:
k=4

Ib/hr = 9.5

C =400 ppm
MW = 88

_ 645 xKxIb/hrx10°
) Cx MW

_ 6.45ft° x 4 x 9.5Ib/hr x10° ppm 245,100,000

- - 6963 cf
400ppm x 88 Ib 35,200 e

In making your recommendation for the Q, rounding to 7000 cfm is very reasonable. However, it is
better to use the exact nearest whole number while you are learning this information.

The volume of 6963 cfm we found represents what is needed to dilute the 9.5 Ib/hr under these
conditions to the OEL of 400 ppm. The process may look familiar to you because it is a
rearrangement of the method we use for vapor calculations. Note that the room volume is not needed
here as it was in finding a concentration. We already have the concentration of interest, the OEL. You
might be interested in using the formula for the maximum concentration possible that you learned
earlier to check that 6963 cfm will hold the concentration to a maximum of 400 ppm.

Using gallons/hour

We sometimes obtain the amount of the chemical used in pounds, but far more often, it is some liquid
measure. Our standard liquid measure is the gallon. We must either convert a generation rate in gal/hr
to Ib/hr or modify our formula. To convert:

Ib/hr = gal/hr x 8.34 Ib/gal x S
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The factor 8.34 Ib/gal is the weight of 1 gallon of water. Since we want the weight of the chemical in
guestion, we need the specific gravity (S) of the chemical. For instance, ethyl acetate has a specific
gravity of about 0.9 (lighter than water). If 1.2 gal/hr is generated, the number of Ib/hr is:

Ib/hr = 1.2 gal/hr x 8.34 Ib/gal x 0.9 = 9 Ib/hr

You can use the 9 Ib/hr in the formula we used before or simply include the conversion in the
formula. The resulting formula using gal/hr for the generation rate is the more common one that we
use.

Q= 538X K x gal/hr x S x 10°
Cx MW

The 53.8 is the result of multiplying the earlier factor of 6.45 by 8.34 Ib/gal.

For another example, we will use the ethyl acetate at a generation rate of 1.2 gal/hr under rather poor
conditions of air distribution, so we will use a K factor of seven. Summarizing the data we have and
entering it into the formula:

Ethyl acetate:
K=7
gal/hr=1.2
S=09

C =400 ppm
MW = 88

Q= 538x7x1.2x09 x10° _ 406,728,000
400 x 88 35,200

=11,555cfm

Multiple chemicals

Thus far, we have dealt with only one chemical in use in a room. It is not likely that you will ever find
a workplace that has this situation. Shops normally use varying amounts of many different chemicals
that must be considered in dilution ventilation. This could be another reason to recommend local
exhaust over dilution. However, you can usually ignore less important chemicals used in minute
amounts and concentrate on the major ones.

You should remember that you must consider the combined effects of chemicals that are additive to
each other. These are chemicals that affect the same organ or organ system (as most chemicals within
a given shop usually do—one way or another). Figuring the Q for such chemicals starts out the same
way as for single chemicals. When you have two or more chemicals that are additive, you find the Q
of each one and sum the values for the total Q required.

We found that 11,555 c¢fm was needed to keep ethyl acetate to 400 ppm in the last example. Suppose
that sec-butyl acetate was also used in the workroom at the rate 1.2 gals/hr. We find that the Q
required for this chemical under the same conditions would be:

Sec-Butyl acetate:
K=7
gallhr=1.2

S =0.865

C =200 ppm
MW =116
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_ 53.8x1.2x0.865x10°
- 200 x 116

= 16,850 cfm

If air sampling had shown the compliance factor of these two additive chemicals to be over one, then
we would sum the two Qs:

Q = 11,555 cfm + 16,850 cfm = 28,405 cfm

This is quite a volume of air for dilution, and heating costs alone could be very expensive. Local
exhaust may be the better option.

If the two chemicals had not been additive and air sampling results showed concentrations above their
OELs, we would still figure the individual Q for each, but we would choose the highest value for the
total Q. In this way, the Q that takes care of one chemical also takes care of the other.

It is very possible there will be some chemicals in use that are additive and some that are not. The
same rules apply. Sum the values of the additive chemicals and choose the highest Q from the sums
of different groups that are not additives. You may have a group of chemicals that are additive to one
another in one way and another group additive in a different way. Each group will have its own sum
of values for Q, and you simply choose the highest.

A final important note on the key parameter you figure is that the value you come up with always
represents the Q at standard conditions (Qs). Since you are determining a standard to be met, there
must be a point of reference—STP. The value will always be understood to mean standard cubic feet
per minute (scfm). This will become even more critical in finding key parameters for fire/explosion
dilution ventilation.

Dilution ventilation for fire and explosion control

An immediate hazard to health is the danger of a fire or explosion due to the use of solvents. You
may find these potential dangers in places such as drying ovens and mixers (mullers) that combine
solvents with dry products. These too require a certain Q to keep contaminants to safe levels—in this
case, supply, exhaust, or a combination will work. The safe levels are expressed in terms of explosive
limits.

Explosive limits

The majority of solvents used in the Air Force are flammable and each has a specific lower explosive
limit (LEL) and upper explosive limit (UEL). It is between the LEL and UEL concentrations that the
danger lies. The LEL is the lowest concentration in percent at which a substance presents an
explosion hazard. Above the UEL, the concentration becomes too rich to explode. It is standard
procedure to keep all concentrations of explosive substances at or below 25 percent of their LELs
(fig. 2-15).
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Figure 2-15. Explosive limits.

You can look up explosive limits in references such as Industrial Ventilation and National Institute
for Occupational Safety and Health (NIOSH) Pocket Guide to Chemical Hazards. You will find that
there are very wide ranges for some chemicals, such as formaldehyde, which has limits of 7 to 73
percent. Typical of most chemicals we are interested in is toluene, with a narrow range of 1.27 to 6.75
percent.

Be sure that you understand that dilution for fire and explosion is very different from dilution for
health. People do not work in areas that have ventilation only for fire and explosion. We are speaking
of enclosures where some operation is in progress without workers inside, such as those in m figure
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Figure 2-16. Enclosure with ventilation only for fire and explosion control.
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If you have not guessed why this is true, take the example of toluene again. Its LEL of 1.27 percent
(1.27 parts per 100) is equivalent to 12,700 ppm:

ppm = percent x 10,000
ppm = 1.27 x 10,000
ppm = 12,700 ppm

If we take 25 percent of the LEL in ppm, we find a concentration of 3175 ppm. For contrast, the OEL
of toluene is 100 ppm, and it becomes immediately dangerous to life or health (IDLH) at 2000 ppm. It
is evident that dilution to 25 percent of the LEL does not protect someone who breathes this
concentration.

Saturation

Another important aspect of dilution for flammable chemicals is the degree of risk they pose. This
involves the saturation concentration, which is the maximum amount of a certain chemical vapor that
air can hold at a given temperature. It is similar to 100 percent relative humidity. We can use it to see
if it is possible for the vapor to reach the LEL (or portion of the LEL) concentration at a certain
temperature.

We need the vapor pressure in millimeters of mercury at the temperature of interest to find the
saturation concentration. We multiply this by 100 (for percent) and divide by 760 mm (millimeters)
Hg (atmospheric pressure). At high altitude, divide by the station pressure (mm Hg) at that location.
Our answer will be the percentage of the chemical vapor in the air at the temperature at which no
more can be evaporated (the air will hold no more). Toluene has a vapor pressure of 22 mm Hg at
68°F (close enough to our standard of 70°F). Its saturation concentration at 68°F will be:

vapor pressure x100 22 mm Hg x100%
760 760 mm Hg

Saturation concentration = =2.89%

Comparing this to the LEL of 1.27 %, we find that toluene can quite easily build up to explosive
levels at 68°F. In fact, the temperature must get down to about 42°F before it is impossible for the
concentration to build up to the LEL. At this temperature, the vapor pressure is about 9.65 mm Hg.

9.65 mm Hg x100%
760 mm Hg

Saturation concentration = =1.27%

To be sure, things are safe, remember that we use the criteria of 25 percent of the LEL, which in this

case is 0.3175 percent (0.25 X 1.27). To make this concentration impossible for toluene vapor to
attain, the temperature would have to be about 4°F for a vapor pressure of 2.4 mm Hg.

Many chemicals have vapor pressures so low that it is very unlikely that they could produce explosive
concentrations at normal temperatures. Ethylene chlorohydrin is a good example. It has a vapor
pressure of only 5 mm Hg at 68°F and a LEL of 4.9 percent. Refer to figure 2-17, its saturation
concentration at 68°F is 0.658 percent, so it cannot even build up to 25 percent of the LEL (1.225
percent). At 86°F, however, the vapor pressure is 10 mm Hg, and the concentration can build up to 25
percent of the LEL. At 133°F (40 mm Hg), the LEL concentration itself can be attained. This points
us to the importance of the operating temperature of a process when considering dilution for fire and
explosion control.
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Figure 2-17. Saturation concentration versus explosive limits.

Required air-flow volume
Having determined the maximum operating temperature and the fact that some hazard exists, let’s
figure the Q required for 25 percent of the LEL.:

_ 53.8x K xgal/hr x Sx100
LELXx MW x B

Notice that this formula requires units of gal/hr due to the factor, 53.8. You can use Ib/hr as before if
you use a factor of 6.45 and omit the specific gravity (you need Ib/hr for gases).

The K factor is defined a bit differently here. To keep the concentration at 25 percent of the LEL or
less, a minimum K factor of four is used. This would be the case for an enclosure with very good air
distribution for proper mixing. Factors higher than four will be needed when air distribution is not as
good. For very large enclosures with poor distribution, the K factor can be as high as 12.

Another difference in this formula is the 100 since the LEL is in percentage units, the LEL replacing
the OEL, and the B. The B is a safety factor that is based on the temperature in the enclosure. You
have seen the effect that rising temperature has on the danger of explosion. When the temperature is
under 250°F, the B is one and can be omitted. Temperatures above 250°F require a B of 0.7 for
additional protection.
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Take for an example an operation using methyl isobutyl ketone (hexone) in a small enclosure with
excellent air distribution at 75°F:

methyl isobutyl ketone (hexone)

K=4
gal/hr=9.1
$S=0.8
LEL=14
MW = 100
B=1

_ 953.8x4x9.1x0.8x100
1.4x100x1

Q = 1119 cfm

This type of dilution ventilation requires far less Q. Imagine the Q that would be needed for this
chemical to dilute it to its OEL of 50 ppm.

The last example was not much of a problem because everything needed to solve it was provided.
Finding the generation rate can sometimes be very tricky but obviously, very critical. A perfect case
is that of an enclosure where a solvent is mixed with some non-flammable substance such as a resin.
The operation may last all day, but the solvent usually evaporates quickly. The amount of solvent and
how fast it evaporates are the important parameters. We can use a case involving n-propyl alcohol to
illustrate. One gallon of this chemical is added to a mixer every 15 minutes but completely evaporates
only 4 minutes after adding it. We therefore base the generation rate on 1 gallon per 4 minutes equals
how many gallons per 60 minutes (gal/hr):

lgal

gal/hr = >
4 minutes

X 60 minutes = 15 gal/hr

This is difficult for some people to accept because nowhere near 15 gallons is used in the operation.
Remember that this is a rate of usage, not an actual amount used.

Many people would want to base the generation rate on the length of the operation or time between
adding the solvent (15 minutes). This would result in an erroneous rate of only 4 gal/hr. Using the
correct generation rate and example data given below, we find the true Q needed for this operation:

K=6
gal/hr =15
$S=08
LEL =2.0
MW = 60
B=1

_ 53.8x6x15x0.8x100
2.0x60x1

=3228cfm

Q
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If we had used 4 gals/hr as the generation rate, we would figure the Q to be only 861 cfm—not
enough to control the vapors at all times. The Q must control the vapors during the peak periods of
concentration, no matter how short they are.

Multiple chemicals

As mentioned, it is not often that you find only one chemical used in an operation. We have a
different way of handling multiple chemicals for this type of dilution. We do not have to figure a Q
for each chemical, but we need to know which chemical’s data to use. For this, we use the specific
gravity, LEL, and molecular weight as follows:

S
LEL x MW

We use this formula for each chemical in a mixture and base the Q on the chemical with the highest
value. For example, using xylene and methyl ethyl ketone (MEK):

Xylene

S$=0.881

LEL=1.0

MW = 106

MEK

S =0.805

LEL =12

MW =72

0.881 — 0.0083 0.805

1x106 12X 72

We would figure the Q required using only the chemical data of xylene. The Q that controls xylene
will also control MEK. Chemicals are not additive for fire/explosion dilution, as they often are for
health dilution. However, we must use the entire amount of the mixture in the generation rate. If there
had been 4 gals/hr of xylene and 12 gals/hr of MEK used, we use 16 gals/hr as the generation rate as
if it is all xylene. That is, we use the entire generation rate but only the chemical data of xylene.

= 0.0009

Another thing you may need to do is to determine the amount of active (flammable) ingredients in a
product when mixed with “inert” (hon-flammable) substances. This is a simple matter of adding up
the percentages of the active ingredients in the product and making sure that the rest is inert. Suppose
we had a 20-gallon mixture of 20 percent xylene and 60 percent MEK. The active ingredients add up
to 80 percent, or 16 gallons (fig. 2—18). The other 20 percent (4 gallons) is not needed in figuring the
Q. It may not be a problem to base the Q on all 20 gallons, but there may be times when it is very
wasteful or when the excess could disturb the operation in some way.



2-30

20 GAL

MEK 60%

12 GAL
ACTIVE 80%

16 GAL %

XYLENE 20%
4 GAL

INERT 20%
4 GAL

Figure 2-18. Percent active ingredients.

The last thing to do is to consider the operating conditions again. All of your careful calculations may
ultimately be incorrect if you fail to do this. The key parameters you figure are for standard
conditions, and many processes like those we have discussed are heated. Fresh air constantly entering
from a supply system presents no problem. Trouble may arise if the system recirculates the air—the
air is exhausted, contaminants removed, and sent back to the enclosure. An exhaust-only system has
the same problem, but this pertains more to local exhaust ventilation.

When we say, “convert to operating conditions,” we mean that the Q requirement in scfm must be
converted to actual cubic feet per minute (acfm) for the proper fan capacity. For instance, a
recirculating system that we know will be operating at 275°F requires an air density correction. We
can label the units as acfmyzs. In some areas, the barometric pressure may also be significantly
different from standard and should be used in the density standard. Usually, the high operating
temperature will far outweigh the difference in pressures. For our example, the density factor will be:

530

(275+ 460)

Note that since the temperature exceeds 250°F, the B of 0.7 is needed in the formula. For our n-
propyl alcohol example that originally required 3228 cfm, we would need 4611 cfm at 275°F.
Remember that this is really 4611 scfm, so we find the acfmazs required:

Acfm,,. = % = % =6404 acfm

Ignoring the density of the air in a case like this can be very serious, as you can well imagine.
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821. Principles of local exhaust ventilation

As with most techniques, there are some undesirable and limiting aspects of local exhaust, but the
advantages of local exhaust far outweigh the disadvantages. The degree of influence that the
advantages or disadvantages have will largely depend on the type of process being controlled and the
type of system used to control it.

The advantages of local exhaust over dilution are many. Combining good contaminant control with
generally lower air volumes, local exhaust is the most efficient and economical type of industrial
ventilation. A properly designed system is usually capable of keeping exposures to zero or near-zero
levels. In spite of the available knowledge, however, we see many systems that do not function as
intended because they were installed without full regard for the design goals needed to make them
efficient. Knowing these goals will help you make worthwhile recommendations both when in the
planning stages and when a system needs correction.

With rare exceptions, such as paint booths and other large systems, there is much less air that must be
handled with local exhaust than there is when dilution is used. This means that makeup air (supply)
may not always be necessary; and, when it is necessary, less is required. Workers may be bothered
less by drafts than they would be if the large volumes of dilution air were used. The reduced
requirement for heating (and sometimes cooling) is also a big plus and has a lot to do with the cost of
operating the system.

Local exhaust is cheaper in the long run mainly due to the lower operating costs. Smaller ducting and
fans also help, but the initial expense is often quite high. This is one of the major reasons why these
projects are delayed for years sometimes (and unwisely). Elaborate hoods are needed for some
processes, expensive air cleaners for others. Just the cost of having a system competently designed in
the first place can be high.

Another benefit of local exhaust is that it limits the spread of the contaminant. This can go far in
protecting equipment from the wear and tear caused by the contaminant. Keeping the dust from the
moving parts of saws in a carpenter shop is an example. You can see how this would also cut down
costs. If a system helps protect equipment, it will likely go even further in easing housekeeping
troubles since materials are not being spread all over the shop. Many shops even have a local exhaust
device called a floor sweep that helps in this area. It acts as a permanently mounted vacuum cleaner
where you sweep dust from the floor.

You should not forget the outside of the shop when considering advantages. Remember that
cleanliness is important there, too. Besides being unsightly, contaminants dispersed into the outside
air may violate pollution regulations or be sucked into air intakes of buildings. Such situations make
the use of air cleaners and proper discharge very important.

Ultimately, the overriding purpose of an exhaust system is to minimize worker exposure to the
contaminant. Not only is the worker at the process protected, but also controlling dispersion
obviously protects those not directly involved who are considered “not exposed.” Unlike dilution,
which mixes contaminants throughout a room, exhaust is designed to control a substance at its source
so that it never reaches a person’s breathing zone. A worker must usually perform an operation very
close to the exhaust system to ensure that exposure is minimized. This may create a noise hazard. Not
only can the rush of air into the hood be quite loud and annoying, so can the fan, motor, and possible
vibration in the system. These are defects that can normally be reduced or eliminated by good design
procedures or modifications.

The closeness of the hood to the process can also restrict a worker’s access. It may be difficult to
reach and comfortably work with the process and, in extreme cases, even see well enough to do the
job. In addition to discomfort and annoyance, this could be a serious safety hazard that requires
immediate correction. Such a situation is an example of a design deficiency in which the most
important person involved was not properly considered. You may see such a problem mostly in
connection with some hoods that enclose the process to an extent but occasionally with simpler types.
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In some cases, a worker may simply think that it is “too much trouble” or annoying to get close
enough to the hood. This is due more to the worker’s laziness and not being accustomed to using the
hood.

Another problem that may arise is the false sense of security that a worker can develop. Although the
worker’s exposures are intended to be completely controlled, this knowledge may lead to
carelessness. A worker may not follow safe practices, may cause splashing or other direct contact
with the substance, or may interfere with the proper operation of the system (such as causing
disturbing drafts away from the hood). Use of the system may even be discontinued because “nothing
ever happened before.” Attention to the design goals for local exhaust can enhance the advantages
and alleviate most of the disadvantages.

An efficient system is one that is as economical to install and operate as possible. Economy must be
kept in mind from the earliest stages of planning. The very first consideration is whether the
contaminant can be reduced or eliminated by modifying machinery, materials, or the ways materials
are processed. Whether a contaminant can be reduced or not, try the same techniques to find out if the
spread of the contaminant can be restricted, such as by wetting the material. This can certainly reduce
the volume of air required and, therefore, the size of the system. It would also mean that less makeup
air could be used for a savings on that part of the system and its associated heating or cooling costs.
One way or another, each of the design goals helps in providing an economical system.

Makeup air

Adequate makeup air is too often neglected when local exhaust is considered. It is as if some people
think of it as an unnecessary luxury or something that can be cut from plans to save money. You see
this serious problem continuously with larger local exhaust systems such as paint booths.

Makeup air is critical to the proper functioning of large-volume systems. Natural draft makeup
through windows, doors, and cracks can be used if enough air can get in, but this method can be quite
unsatisfactory. The amount of air entering a room must be the same as that exiting through all exhaust
sources. Mechanical makeup is much better in providing this. It is a good idea to have a little more
than needed (or a fan with a drive belt that can be adjusted for different flows) if more exhaust
systems may be needed in the near future.

You see in figure 2—19, inadequate makeup causes a negative pressure in the workroom that can limit
the amount of air exhausted (as we saw in pressure losses). It essentially adds to the total system
resistance. The amount of air coming into the room will equal the amount exhausted, but the system
capacity will be reduced. This could result in insufficient contaminant control. The installation of a
makeup system would get the system’s capacity up to the air volumes for which it was designed.

Figure 2-19. The importance of makeup air.
Inadequate makeup also may cause interfering cross drafts. Air coming in through windows, doors,

and cracks can blow the contaminants away from the exhaust hood and spread them over the
workroom. Misdirected makeup itself may do the same. Vapors, such as those from open tanks, are
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most affected but even dusts may be easily dispersed by more extreme cross drafts. It is important to
prevent this disturbing air coming from different directions by providing a smooth source of makeup
air.

Unheated air being drawn into a room causes uncomfortable drafts on workers that could be
eliminated with proper makeup. As with cross drafts, it is undesirable to have the air coming in from
different directions instead of the smooth tempered source of makeup. This also helps to lower costs
for heating by distributing the tempered air over the room to eliminate cold spots. Many workrooms
in existence have some areas too warm and others too cold.

You may have come across rooms with doors that were very difficult to open because there was not
enough makeup. This can be dangerous when you do get the door open and it has a strong tendency to
slam on you with great force. There was even a case of one workroom with metal frame windows that
were bowed inward because of intense suction without makeup to equalize the pressure.

Another potential danger to personal safety is the proper operation of devices that use natural
updrafting (fig. 2—20). Think of the normal household fireplace that draws air in for combustion and
sends it up the chimney with the harmful combustion products. A negative pressure in the room
because of inadequate makeup would tend to suck the dangerous products out of the fireplace
(backdrafting). Any similar type of process in an industrial area, such as furnaces for heating or
material processing, can be affected in the same way. It is hard to believe that such important factors
can be overlooked in the design of local exhaust, but they often are.
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Figure 2-20. Effects of makeup air on updrafting.

Discharge

Proper discharge of contaminated air from an exhaust system is another goal that is overlooked too
often. With good air cleaners, it may not be a problem. Without them, it may be serious. Have you
ever seen air discharged from an outlet only to be taken back in by windows or a makeup air inlet?
Maybe you have seen new buildings or processes go into operation with no regard for this problem.
The discharge may have been fine until an adjacent building was put up that now takes in the
exhausted air.
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Route discharge outlets to the roof of a building. The stack should be high enough that contaminants
cannot be blown back down into air inlets. The proper height above the roof that the stack should
extend for this purpose is between about one-third of the building height and a length equal to the full
building height. This helps to mix the contaminated air with higher air currents for good dilution.

Another consideration for proper discharge is the comparison of a weather cap to a stackhead.
Unfortunately, the weather cap is usually used. A weather cap is a device shaped like a wide cone that
is installed over the discharge outlet for rain protection. It is undesirable for two good reasons. When
contaminated air blows out the stack, it hits the weather cap and is forced out sideways and down to
create a possible problem at inlets. It also causes more system resistance since some of the air is
bounced back down the stack and results in higher positive pressures (contributing to outlet static
pressure). The preferred method, the stackhead, is simply a straight vertical discharge of the air at
high velocity so that it mixes well with upper air currents and is less likely to enter inlets. Some
people think that this offers no rain protection, but there are various designs that provide this. When
the system is turned on, a simple plate, similar to that seen on a diesel truck that bobs up (from air
pressure), could work very well. Figure 2—21 further illustrates discharge concepts.
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Figure 2-21. Discharge of contaminated air.

Interference

This refers to interference from and to the worker. We have seen before how workers can accidentally
or deliberately frustrate attempts at protection. A worker’s movements may be all that is needed to
disrupt the correct functioning of an ill-designed exhaust system. Workers may also readjust blast
gates (plates in ducts that regulate airflow) and so cause less exhaust at their stations or nearby
branches of the system. They may simply fail to get close enough to the hood or not turn on the
system at all. Educating workers on the importance of the system may help some in this area, but
there are surer methods. Blast gates can be bolted or locked in place after adjusting the correct
airflow. This may not stop them, but it helps to slow them down or discourage interference. (If they
are persistent, maybe you should find out if there is a good reason.) A portable exhaust system or one
with flexible, moving ducting may help eliminate some of the problems. The hood can also be
attached to the machinery at the proper distance or a provision made to prevent the machinery from
operating without the hood in place. In fact, such interlocking systems are often the best choice to
make sure a system is used as it should be. Naturally, you would want the system to be interlocked
with machinery so that it is automatically turned on when the machinery is started. Not only do the
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workers have no choice but to use the system but there is the added benefit that they tend to forget
about it altogether.

On the other side, it is very important to minimize interference to the worker. Some of the problems
just discussed may be alleviated somewhat if workers do not see the exhaust system as a nuisance. If
a worker must get so close to the hood while working that it is continually in the way, it may not be
the right hood for the job. Enclosures and partial enclosures can also make it difficult to get at the
process. Try asking the worker what type of hood might be best suited for the operation or how an
existing one could be modified.

Enclosures

The best type of hood is one that encloses the source of the contaminant as much as possible but
without undue interference to the worker. With an enclosure, the contaminant is already inside the
hood, so capture velocity is not a problem. The airflow is needed only to prevent materials from
escaping and to transport them to the ducting. Cross drafts are much less of a problem as well.

When there is an operation that needs local exhaust, always consider an enclosure first. Imagine the
process completely enclosed and then what openings are needed for the worker to have comfortable
access to the process. Consider hoods that do not enclose last. Many processes can get along without
an enclosure if the contaminant is not very toxic and generation is low. Remember that cost always
figures heavily in these considerations. However, once installed, an enclosure normally provides the
best contaminant control with the lowest air volume.

Hood locations

It might seem ridiculous to talk about the location of the hood when it is obvious that it must be near
the source of the contaminant. Unfortunately, too many systems that have been installed do no good
because they are too far from the source. You may see welding hoods with flexible ducts that can be
counterbalanced to keep them high and out of the way when not in use. Too often, they stay out of the
way when they are supposed to be used.

Besides having the hood close enough, think about the direction and force of the contaminant as it is
released. The inertia of dusts from a grinding wheel, for instance, can send them quite a distance at
high speed. A hood should be located (and shaped) so that dusts are thrown into the hood (fig. 2-22)
without pulling the contaminant through the worker’s breathing zone. This works much better than
attempts to use high capture velocities to control them from other directions.
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Figure 2—-22. Hood locations.



2-36

Hot processes cause air and materials to rise, so it would be logical to place a hood over them. This
requires less airflow to control them than if an open hood was placed at the side to try to capture them
from a direction they do not naturally go. A good example is the commonly misplaced welding hood
on a flexible duct. It should be angled at 45 degrees from the point directly above the operation to
take advantage of naturally rising heated air and fumes.

Air movement

You have already learned that airflow should direct contaminants away from a worker’s breathing
zone. You can see from figure 2-23 that a hood placed over a process could require a worker to come
between the process and the hood. This, of course, results in an unacceptable exposure that is
controlled better by side slots to pull contaminants away from the worker.

Figure 2-23. Direction of air movement.

Air movement is also important to consider in the proper flow of contaminated air into and through
the exhaust system. A number of factors contribute to the disturbance of smooth flow:

e Normal currents from doors and windows.

e Currents from heating, cooling, and makeup air equipment.

e Motion of materials (such as filling barrels with bulky materials).

e Currents from machinery motion (such as from a lathe or large sander).

e Normal operator movements.

e Currents caused by hot processes.

e Fans.

Eliminating disturbances is a good argument in favor of enclosures. Using baffles (fig. 2-24) also
greatly reduces interference from cross drafts so that less air volume is required. Baffles are usually
metal sheets placed on both sides of a hood for 