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Section 1: Background and Introduction

11 Introduction

This report prepared on behalf of the California League of Food Processors (CLFP) documents
the California food processing industry’s progress towards improving its overall water footprint.
This document compiles industry information from multiple sources with a goal to identify water
use efficiency over time. Appropriate water use metrics are identified and baseline years are
referenced. Additionally, this document identifies possible measures for individual food
processing facilities to consider for implementation so that there is continued improvement in
water use efficiency.

This Water Use Efficiency Study also responds to SBX7-7 and the recent release of the
Commercial, Industrial, and Institutional Task Force Water Use Best Management Practices
Report to Legislature (ClIl Task Force Report, October 2013).

1.2 Objectives

This study’s primary goal is to document the California food processing industry’s water
efficiency over time by identifying appropriate metrics and baseline values. This study also
provides an evaluation of water use in food processing facilities and an assessment of whether
usage has become more efficient over time and what has possibly led to the increase in
efficiency. Conservation measures, practices and technologies are compiled and presented for
consideration. In addition, the study also provides an assessment of whether past changes in
water policies or laws may have had an impact on total industry water use.

1.3 California League of Food Processors

Established in 1905, the CLFP represents the business interests of California's food processing
industry. CLFP member companies are primarily canners, freezers, dryers, and dehydrators of
fruits and vegetables. Additional processor members include snack foods, juice bottlers, and
specialty processors of a variety of food products. Members operate over 150 processing plants
located throughout the State of California. In addition to the active company membership, over
250 affiliate members - industry suppliers - are participants in CLFP.

CLFP furthers the interests of the food processing industry before the State Legislature and
regulatory agencies, and is also a major representative for the California industry at the Federal
level. CLFP's purpose is to foster a favorable environment for the growth and strength of the
industry within the state. In doing so, California processors can continue to provide consumers
with safe and wholesome food produced in an environmentally sound and responsible manner.

Water Use Efficiency Study, California League of Food Processors Page 1
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Section 2: Research Scope and Design

A literature survey and a survey of CLFP member companies were conducted. This section
describes how information and data collected from these surveys were compiled and evaluated
in order to identify and propose selection of the appropriate water use metrics for food
processors. The surveys were also used to identify and compile best management practices
(BMPs) for water use efficiency.

2.1 Literature Survey

A literature survey was conducted to identify publications that address water use and BMPs by
food processors. In all, 60 documents spanning six decades were reviewed with the goal of
compiling information on food processors’ water use, metrics, and baseline water use as well as
BMPs. Appendix A provides a bibliography of the references reviewed. The results of the
literature survey are described below.

2.1.1 Metrics and Water Use Data

Food processors’ water use information has been collected and published since the
mid-twentieth century. Publications from the 1960s to the early 1980s contain significant metric
and water use data that were collected by government agencies through extensive surveys of
food processors. In these decades, manufacturers shared their water use data with the US
Environmental Protection Agency (EPA) and the CA Department of Water Resources (DWR).

By the 1980s, this type of public agency-led research appears to have tapered off and industry
sponsored surveys became more prevalent in the 1990s. Because information collected by
industry typically remains privately-held, more recent publications seem to continue to rely on
early work. For example, the 2007 version of the Water Encyclopedia continued to rely on water
use data from Kollar's work (AWWA, 1980). Today, industry associations continue to take the
lead, such as this study, in collecting water use information from food processors.

Publications by conservation specialists (e.g., Pacific Institute, Cll Task Force, etc.) seem to rely
on more recent data. It appears looking any earlier than the previous five years for information
was not relevant for this work. As an example, the references in Section 5 (Water Use Metrics
and Data Collection) of the CII task force document, the section on providing an approach to
establish metrics for evaluating water use efficiency, are dated 2007 to 2011. The use of more
recent reference material in the Cll document may also be because the authors were more
focused on Best Management Practices (BMPs) than on water usage statistics.

The literature review showed a progression from an abundance of publically available data in
the 1960s to much less available data in the twenty-first century. As a result, only ten out of 60
of the resources reviewed proved relevant to this study. These ten references are listed in
Appendix B. The relevant data table from these publications are re-printed in Appendix C.

Although these ten documents had some useful information, it remains difficult to compare data
across publications and year. For example, the DWR Bulletin 124 focuses on the supply water
into facilities while the EPA publications concentrate on process wastewater, with limited
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information on water supply. The difference in focus is attributed to EPA needing to establish
wastewater discharge limits (the Clean Water Act was promulgated in 1972) and the DWR
managing California’s water supply resources.

Another issue that makes comparisons between publications difficult is that researchers
normalized the water use data differently. Some publications have metrics that normalize water
use (or wastewater flow) to units of raw product processed (EPA 1977, EPA 1983, and FEIC
1996); some to units of finished production (Kollar 1980, Water Encyclopedia 1983, Kreith
1993); while DWR Bulletin 124 compares water use to square-foot of water using area and to
average-employee-day.

Of the publications listed in Appendix B, the following were selected to evaluate the water use
efficiency of food processors over time: EPA (1977), DWR (1979), Kollar (1980), EPA (1983),
Water Encyclopedia (1983). These sources are supplemented by data collected through 2011
and 2014 surveys of CLFP member companies as discussed below in Section 2.2.

2.1.2 Best Practices in Water Efficiency

The literature was also reviewed to identify best practices for water use within food processing
facilities. As with the metrics data, when reviewing 50 years of documents, historical trends
become apparent.

Water conservation activities in the pre-1990 publications focused almost exclusively on water
reuse and recirculation. Many publications distinguished between “high efficiency” plants and
conventional plants. In the 1990s, literature was addressing other forms of water efficiency in
manufacturing plants such low flow nozzles, clean-up procedures, and improved controls. Also,
in the 1990s, there were a number of pilot tests evaluating the effectiveness of membrane
applications to increase the ability to reuse water between processes. Since the 1990s,
advances in membrane technologies, including reverse osmosis and nanofiltration, have
allowed these technologies to play a larger role in water use efficiency.

In the first decade of the twenty-first century, there was a significant change in approach. BMPs
were incorporated into, and considered part of, a process of self-improvement. Examples
include Queensland Eco-Efficiency Toolkit (2004) and EBMUD’s Water Smart Guidebook
(2008), Comprehensive Guide to Sustainable Management of Winery Water (2008).

BMPs continue to evolve. The Commercial, Industrial, and Institutional Task Force Water Use
Best Management Practices Report to Legislature (Cll Task Force Report, October 2013) has a
few pages dedicated to the specific best practices for food processing. This section of the CII
Report has only one reference. However, other sections of the Cll Report have extensive
references.

Researches such as Gour Choudury, PhD are developing technologies to replace and improve
existing water using processes. For example, Dr. Choudury and his team has developed,
piloted, and patented a new lye-peeling system that significantly reduces water use in fruit
processing. The new system employs a fluid mixture of liquid and gas to remove skin from the
fruit. However, the high cost of converting a facility over to the new system is a challenge.

Dr. Choudury continues to test concepts that reduce water use in other phases of fruit
processing. This includes improved cleaning and sanitation processes that reduce water use
and reduce salts in the process wastewater streams.

Water Use Efficiency Study, California League of Food Processors Page 3
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This historical perspective of Water Conservation BMPs within the food processing industry is
summarized in Table 1.

Table 1 - Historical Overview of Best Management Practices

Timeframe Best Management Practice
1960s - 1980s o BMPs focused on opportunities to reuse water within specific
processes.®

1990s o BMPs started to include tools and practices like nozzles, clean-up
procedures, and improved controls.

¢ Pilot studies in the 1990s focused on testing membrane technology
in process water streams to be able to increase water reuse, to
reduce effluent, and to conserve water.®

2000 - 2010 o BMPs are incorporated into, and considered part of, a process of
self-improvement.

2014 e The CIl Task Force Report provides a compendium of BMPs.

e Gour Choudhury’s recent work that pushes beyond typical tools.

Notes:

(a) Recycling typically refers to reusing water within the same process.
(b) Reusing water typically indicates capturing water from one process for reuse in another process.

2.2 CLFP Member Survey

CLFP member companies participated in two water use surveys. The fist was distributed in April
of 2011 and the second in May of 2014. These surveys are discussed below and Appendix D
contains copies of both.

2.21 2011 CLFP survey

2211 2011 Survey Design and Methodology

CLFP distributed a Water Use Survey to its member companies in 2011 in response to Senate
Bill X7-7 (SBX7-7). SBX7-7 was enacted in 2009 and requires a statewide 20% reduction in
water use by 2020. As part of the legislation, a task force was formed to develop BMPs for the
CllI sector and to determine the potential water savings from those BMPs. Through the 2011
survey CLFP was hoping to gather information on member companies’ water usage and
conservation effort. Table 2 shows the rate of response among the member companies.

Water Use Efficiency Study, California League of Food Processors Page 4
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Table 2 - Number of Respondents to 2011 and 2014 CLFP Surveys

2011 2014

Tomato Processors 13 11
Dairy Processors 2 1
Dehydrators 3 10
Olive Processors 2 2
Fruit Processors 4 4
Vegetable Processors 4 0
Soup Processors 1 0
Nut Processors 0 1
Total Respondents 29 29
Number of respondents who participated in both surveys = 16

2.2.1.2 2011 Survey Results

Overall, the 2011 responses from CLFP members mirrored information gleaned from the
literature — there is a high rate of water reuse among the respondents, water conservation is
important to most, and the majority of the facilities had implemented low flow nozzles, written
clean-up procedures, and improved controls since 2006. As in the literature review (Table 1,
above), the survey responses shows that recycling (i.e., reusing water within the same process)
and reuse (i.e., capturing water for reuse in another process) have been important factors in
overall water use efficiency for decades. The CLFP surveys do not distinguish between
recycling and reuse. Rather, the surveys try to determine if respondents use water more than
once within their facilities.

Most of the respondents use water on-site at least twice. Question number 23 on the 2011
survey asks “what percentage of your total process water did you reuse on-site for processing
activities.” A summary of the responses to this question is as follows:

¢ Fifteen respondents identified the percentage of water reuse at their facility.

* Eleven respondents indicated that there was some reuse at their plant, but because it
was unmetered, they could not provide an estimate.

* Only three of the 29 respondents indicated no reuse within the plant.

¢ All the tomato processors responding to the survey indicated some reuse within the
plant.

e Many reuse the water for irrigation of crops.

A key point raised in the 2011 survey is that many of the dairy and tomato processors extract a
portion of their water supply from the raw product. The general public is likely unaware of this
opportunity to recover water from processing of tomatoes and milk. With the appropriate
treatment, this water can be extracted and put to use within the plant. However, the water
treatment can have high capital and operating costs depending upon the ultimate use.

Most (90%) respondents indicated their facility had water conservation programs and within the
previous five years many had taken some steps to improve water use efficiency: 76% had
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replaced high volume hoses with high pressure; half had improved clean-up procedures, a third
had installed low-volume cleaning systems, and almost a third converted cleaning and sanitizing
systems to ozone.

Just over half of respondents rated water conservation as a high priority and had set water
efficiency improvement goals ranging from 5% to 20%. However, only a quarter of the facilities
conducted a comprehensive facility water usage assessment.

2.2.2 2014 CLFP Survey

A follow-up survey was developed and distributed to CLFP member companies in 2014. A copy
of the survey is provided in Appendix D and Table 2 (above) shows the rate of responses.
Combined, the two surveys provide water use and facility data for the period spanning 2006 to
2013.

2221 2014 Survey Design and Methodology

The 2011 Survey was used as a base to develop the 2014 survey questionnaire. Some
guestions were slightly altered, some new questions were added, and other questions remain
unchanged. Based on the insights gained in the literature survey and from the 2011 CLFP
survey, it was apparent that the new survey should continue to request information on water
reuse within the facility, water sourced from raw materials and other water efficiency practices.
Thus, the 2014 Survey was developed to collect the following information:

Facility general information

Water use, products processed, discharge for 2009 - 2013
Water supply, metering, costs

Water use breakdown by area

BMPs, recycling

Future conservation

Plans, factors, needs

The survey included direct questions, data entry tables, check boxes, and relative rankings.

2222 2014 Survey Results

The 2014 survey responses confirm and augment findings from the literature survey and the
2011 CLFP survey. Responses indicated a high rate of water reuse and a desire to increase the
water reuse opportunities within the plant (i.e., using water more than once via recycling,
recirculation or reuse). Additionally, most had not only identified water conservation as a priority,
but also identified several “next steps” for increasing water use efficiency.

As with the 2011 survey, the 2014 survey responses indicated widespread in-plant recycling
and reuse to minimize fresh water intake. Examples include:

Cooling water for sanitation, cleaning spray, flume make-up
Flumes to other flumes

Cooling tower to flumes, condensers, vacuum pumps
Steam condensate to boilers

Cooler to cooling tower

Water Use Efficiency Study, California League of Food Processors Page 6
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e Retort to cooling tower
* Facility to irrigation

In all, 18 respondents identified some form of in-plant recycling, including all eleven tomato
processors. The lower rate of reuse among the 2014 survey respondents compared to the 2011
survey (62% of respondents versus 90%) is due to fewer tomato processors, fruit processors,
and vegetable processors participating in the 2014 survey and the increased participation by
dehydrators. See Table 2, above, for participants by category.

The 2014 survey also confirmed that tomato processors are using water extracted from raw
products. Tomato-sourced water is used by the respondents for the following processes:

® Process condensate to flume
e Evaporate condensate to rotary screen cleaning sprays
* Condensate to boilers

Question 12 of the 2014 survey asked companies to estimate the percentage of process water
consumed for nine different water using activities. Based on the responses shown in Table 3,
the percentage used for each activity varies significantly from facility to facility. The variation is
due: (a) to different rates of reuse/re-circulation among facilities; and (b) differing abilities to
extract water from the raw product for use. Also, the eleven tomato processors responding to
the survey produce different finished products — some make pastes while other are canning. It is
also suspected that, without submeters, many respondents were estimating the percentage
allocation among processes.

Table 3 - Percent Water Consumption by Internal Process

Tomato
Water Using Process Processors Dehydrators
(% range of process water used)

1. Flume 8-30% 0%

2. Wash raw product 2-40% 50-94%

3. Boiler feed water 1-32% 0-5%

4. Boiler make up water 1-18% 0-3%

5. Plant Sanitation 3-30% 5-50%

6. One pass Cooling 0-25% 0%

7. Recirculation Cooling Make-up 2-22% 0%

8. Product Cooling and Heating 2-15% 0%

9. Other Ancillary Utility Use 1-20% 0-1%

10. Other Uses 1-10% 0%

Question 11 in the 2014 survey asked if facilities had implemented specific water conservation
improvements in the last ten years. These water conservation BMPs, are in addition to the
reuse opportunities discussed above. Figure 1 shows the number of facilities that have
implemented the specified improvements.

Water Use Efficiency Study, California League of Food Processors Page 7
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Figure 1 - Water Conservation Improvements in Place
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Figure 2 looks at the responses slightly differently and show that the majority of the respondents
have implemented at least three water conservation improvements. However, eight of the
respondents have not implemented any of the specified water conservation BMPs. Of these
eight, most were dehydrators (prunes) and these specified improvements may not apply. As
shown above in Table 3, half the dehydrators’ water use is attributed to washing raw product
and the other half to sanitation.

Figure 2 - Number of Conservation Improvements Implemented

Number of Respondents
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Number of Improvements

There are a few contradictions in the facilities’ responses about water conservation targets and
conservation plans:

17 respondents identified a water conservation target.

13 facilities had conducted a “water usage assessment”.

8 facilities have a water conservation plan in place.

Only 4 facilities train their employees in water conservation.
Only 3 facilities have some form of employee engagement.
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A water usage assessment typically informs a facility as to the level of conservation possible
and where to best focus resources. The water usage assessment collects information that is
used to develop a conservation target and to develop an action plan. Further, conservation
plans usually include employees in the process. It appears that several of the facilities would
benefit by using the plan—do—check—act of self-improvement described in the Queensland
Eco-Efficiency Toolkit (2004), EBMUD’s Water Smart Guidebook (2008), and Comprehensive
Guide to Sustainable Management of Winery Water (2008).

The survey also asked respondents what prevented further conservation efforts. As shown in
Figure 3, the facilities feel constrained most by product quality and sanitation issues, followed by
the costs to undertake additional water conservation activities. There is pressure on processors
to improve food safety and water is critical for plant sanitation. Often, regulations and stringent
safety standards drive a facility’s decisions for process improvements and equipment upgrades.
Potable water, cooling water, steam and ice must be safe and it must be available in sufficient
guantities, at suitable pressures and temperatures, to meet operational requirements.

Figure 3 - Limiting Factors for Additional Conservation
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Finally, the respondents listed future water savings measures that they are considering for
implementation. These are included in Section 4 (Best Management Practices), below.

2.2.3 Facility Interviews

Following the distribution of the 2014 CLFP survey, on-site interviews were conducted with four
CLFP members. The purpose of these interviews was to confirm survey results and gather
additional information on BMPs. Details on site-specific BMPs that were in place or under
consideration were collected .The site visits included different BMPs as well as discussion
around what facilities considered when identifying and implementing water efficiency projects. In
deference to CLFP member’s request for confidentiality, information from these interviews is
interwoven throughout this report.
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Section 3: Quantitative Findings

3.1 Summary

Based on the most useful and consistent metrics applied to producer category, the average
CLFP survey respondent’s water usage is substantially below historical values given in
references. This study also evaluates the trends in absolute and unit water usage by individual
facilities to demonstrate water conservation progress. The trend of total water usage has been
down for CLFP survey respondents over the 2006 to 2013 period. The trend has also been
slightly down for unit water use per ton of product produced over the 2006 to 2013 period.

3.2 Metric Selection

Metrics provide a quantity of water use during a period of time as well as a normalizing factor
that may be an indicator of efficiency or productivity of water. Baseline values are the first year
metrics, to which all future years are compared.

The metrics selected for this study are shown in Table 4 along with their description. Water use
tends to be a function of the individual food processing facility and the tonnage of product
processed. Therefore intake process water per ton of raw product processed was selected as
the primary metric for this study. The other metrics selected were useful indicators of measures
taken to increase overall water use efficiency that were available in the literature and 2011
CLFP survey. The 2014 CLFP survey was designed to augment information that was collected
during the literature survey and the 2011 CLFP survey.

Table 4 - Description of Selected Metrics

Metric
Intake process water per
ton of product

Description

Volume of fresh water used to
process each ton of raw product.

Purpose
e To show if volume of fresh water used
to process a unit of product is
improving.

Internal recycling/reuse
percentage

Percent of fresh water used more
than once within a facility

e To determine if the fresh water is used
efficiently overtime. The higher the
percentage of recycling, the higher the
efficiency.

e This metric should increase as the
intake process water metric decreases

Discharge % of intake

Percent of freshwater leaving the
facility as process wastewater

e This ratio can capture those
processors that extract process water
from raw materials.

External reuse % of
discharge

Percent of process wastewater that
is put to beneficial use for irrigation

e This is also water being used in lieu of
freshwater for irrigation.
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3.3 Baseline Values

A goal of this project was to develop a baseline year as early as possible. Initially, it was
anticipated that historical reference metric values from the literature survey would be used as
baselines for comparisons with the 2014 CLFP survey results. As discussed in Section 2.1,
60 publications dating back to the 1960s were reviewed and only ten of these (Appendix B)
contain relevant information. Of these ten documents, five publications were selected to
evaluate water use efficiency: EPA (1977), DWR (1979), Kollar (1980), EPA (1983), Water
Encyclopedia (1983) over time.

Table 5 shows the difficulties in comparing data across publications and year for the historical

references reviewed and in providing baseline values for water intake per unit of raw product
processed. This was also addressed in Section 2.1.

Table 5 - Intake Process Water per Ton of Raw Product (gal per ton)

Kollar
(1980; EPA WW
Produced Dev. Doc.

Product Categor Product 1983; Calc.
Tomato Paste 920 351
Canned Fruit 3,000 9,400 2,763 4,174 1,538
Canned Tomato 1,700 9,400 1,036 920 773
Canned Olives 6,276 4,475
Dehydrated Onions 3,410 1,000 1,035
Dehydrated Fruit 829® 80
Frozen Fruit & Vegetables 14,100 1,097 2,490
Notes:

(a) EPA values were for wastewater generation. These were converted to equivalent intake
water values using average ratios of wastewater to intake water from the CLFP 2014 survey.

(b) Plums

(c) Peaches

Alternative approaches to establishing baseline values were therefore considered, including
using values from the 2011 CLFP survey (whether 2006 values or averages of several years).
Unfortunately, there were a number of facilities that participated in the 2014 survey that were
not part of the 2011 survey. In some cases, the new participants had unit water use rates that
were substantially different than the water use rate values of respondents to both surveys. Thus,
using data from the 2011 survey for establishing baseline values would make comparisons with
2014 survey data potentially misleading.

Due to the difficulties in using the historical data, general comparisons of survey metric values
with historical reference values were determined to provide the most useful conclusions along
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with evaluating trends within the data from the two CLFP surveys. Averages from the 2014
CLFP survey can be used to provide baseline values for future comparisons.

3.4 Metrics - Survey Results

This section discusses the results of the four selected metrics described in Table 4, above.

3.4.1 Intake Water per Unit of Raw Product

Values from historical references are shown in Table 5. For those historical reference
documents that specified wastewater volume instead of water intake, the wastewater volumes
were multiplied by the average ratios of intake process water over wastewater volume from the
2014 CLFP survey for each product category to give equivalent values in intake process water
per ton of product shown in the table. Overall, the 2014 CLFP survey results compare very
favorably with the water usage given in the historical references.

Comparisons of water use trends for product category averages between the 2011 and 2014
survey results were difficult because some of the new respondents in the 2014 survey had very
different unit water use rates than the prior respondents, and would skew a straightforward trend
comparison. Therefore, total water intake and unit water intake over time were normalized for
each survey respondent (i.e., each year’s value was divided by the average value for all years
for that facility).

The average normalized total water intake over time for all facilities is shown in Figure 4. This

shows that, on average, normalized total water intake over time was in a downtrend over the
2006 to 2013 period.

Figure 4 - Normalized Total Water Intake by Facility (Average of All Respondents)
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The average normalized unit water intake over time for all facilities is shown in Figure 5. The
trend for unit water intake (i.e. water use per ton of raw product) is slightly downward over the
period, but less so than the trend for total water intake.

Figure 5 - Normalized Unit Water Intake Over Time - Average of All Respondents
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Another interesting comparison for water usage is to compare intake unit water usage with the
number of conservation improvements implemented (shown previously in Figure 3). As can be
seen in Figure 6, although there is a large amount of variability, there is a general downward
trend in water usage per ton of product processed as the number of conservation measures
implemented increased for the respondents to the survey.

Figure 6 - Unit Water Usage Trend vs. Conservation Improvements Implemented
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Note: Water use trend is for normalized intake gallons per ton processed per year.

The water usage trends versus number of conservation improvements implemented is further
broken down by processor category in Figure 7. As can be seen in the figure, the strongest
correlation between numbers of improvements and water use improvement trend was for the
tomato paste processors.
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Figure 7 - Water Usage Trends vs. Number of Conservation Improvements Implemented
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3.4.2 Recycling/Reuse Percentage

As stated in Section 2.1.2, recycling and reuse have historically been considered to be
important factors in overall water use efficiency. Percentage of intake water recycled/reused
was selected as a good indicator of the main indicator of water conservation progress for
facilities. The values from historical references and the 2014 CLFP survey are shown below in
Table 6.

Table 6 - Internal Recycling/Reuse as a Percentage of Fresh Intake Water

Internal Recycling/Reuse as a % of Fresh Intake Water

Water
DWR Kollar Encyclopedia CLFP Survey
Product Category (1979) (1980) (1983) (2014)@
Tomato Paste 10.8%
Canned Fruit 138% 110% 166% 11.0%
Canned Tomato Products 26.6%
Dehydrated Onions 45.0%
Dehydrated Fruit 0.0%
Nuts 0.8%
s
Dairy 95% 64% 50% 11.5%
Note:

(a) The survey asks if water is used more than once within a facility and does not distinguish between
recycling (i.e., reusing water within the same process) and reuse (i.e., capturing water for reuse in another
process).
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Recycling/reuse in the CLFP survey results was very low compared to the historical references.
This was surprising given that unit intake water usage per mass of product produced was
generally much lower in the CLFP survey than in the historical reference literature. Most of the
historical reference studies had obtained values for gross water use by all processes in a
facility, then derived values for recycling based on the difference between gross water use and
fresh intake water. The CLFP surveys asked directly for the amount of intake water recycled
within or between processes.

One possible explanation between the CLFP surveys and the historical references is that the
CLFP survey respondents may have inadvertently underestimated their recycling/reuse
amounts. More detailed measurements or estimates of gross water use for each process could
provide a better basis for calculation of recycling amounts in any future surveys.

3.4.3 Discharge Percentage and Total External Reuse

Some facilities recover and use the water within raw products in lieu of fresh water. Discharge
as a percentage of intake is a metric that gives an indication of how much product water is
utilized and can be calculated from some of the historical references as well as from the 2014
CLFP survey data. The values by category are shown in Table 7 below.

Table 7 - Discharge Percentage of Intake
Discharge % of Intake®™ \

Water CLFP CLFP Survey —
DWR Kollar | Encyclopedia Survey Irrigation % of
Product Category (1979)  (1980) (1983) (2014) Discharge®

Tomato Paste 126.7% 76.9%
Canned Fruit 89.7% 91.0% 86.0% 90.0% 95.0%
Canned Tomato Products 89.7% 86.0% 106.2% 99.3%
Dehydrated Onions 96.8%
Dehydrated Fruit 123.3%
Nuts 92.5%
Frozen Fruit & Vegetables 98.0% 97.0% 90.5%
Dairy 112.0% 93.0% 91.0% 66.5%
Notes:

(a) Higher percentages indicate higher amount of water being recovered from raw products.
(b) Percentage of discharged water put to beneficial use outside the facility.

The discharge as a percentage of intake is notably higher for the tomato processors in the
CLFP survey compared to the historical references and is also greater than 100%. This
indicates that tomato processors are likely recovering more of the product water than had
typically been recovered during the times of the historical reference surveys.

Total external reuse provides a measure of how much discharged water is put to beneficial use
outside the facility. Often this is in the form of irrigation reuse. The far right column of Table 7
(above) shows the irrigation percentage of discharge. Most of the major respondents reuse their
discharge water for irrigation, offsetting what otherwise would have been localized fresh
irrigation water demand in the area.

Water Use Efficiency Study, California League of Food Processors Page 15
g:\is-group\admin\job\14\1465014.00_clfp\09-reports\wues\text.doc



3.5 Conclusions

The survey results indicate a much better average water use efficiency per ton of product
processed compared to historical literature reference values. The survey results also show
slightly decreasing trends for unit water use over the 2006 to 2014 period. There was a
substantial amount of variability between some of the respondents in each category, indicating
the potential for improved water use efficiency in some facilities.

Reported water recycling and reuse as a percentage of intake was low for the 2014 survey
respondents compared to the historical reference values, but some of that discrepancy may be
due to survey and reporting methodology. The discharge as a percentage of unit intake water
was generally similar for the 2014 survey respondents and historical reference values. The
exception was for tomato processors, who seem to be recovering more water contained in the
raw product than the industry has historically. Much of the discharge water is further reused for
irrigation.
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Section 4: Best Management Practices

A historical overview of best management practices in the food processing industry is provided
in Section 2 (above) and summarized in Tablel. This historical perspective shows that food
processing facilities have reused and recirculated water within their processes since the 1950s.
Alternative BMPs, beyond recycling and reuse, have evolved over the past 25 years to include
tools (i.e., low flow nozzles) and improved procedures. And, within the last ten years,
guidebooks have emerged that encourage facilities to incorporated BMPs into a process of
plan—do—check—act. Implied in this process is that every facility or process is unique and that
appropriate BMPs will be site specific.

4.1 Recycle/Reuse

The practice of reuse and recycling continues to the present day with food processors looking
for cost effective measures to expand in-plant water reuse. An increased piloting of membrane
technology began in the 1990s (Table 1). These pilot studies looked to increase water reuse
between processes to reduce process water discharges and to conserve water. Since the
1990s, advances in membrane technologies, including reverse osmosis and nanofiltration, have
allowed these technologies to play a larger role in water use efficiency at better pricing.
Several respondents to the 2014 CLFP identified plans for future reuse/recycling projects. In
addition, four on-site interviews were conducted to identify BMPs that were in place or under
consideration. Recycling/reuse BMPs identified by facilities include:

¢ |mproved recycling/re-circulation to reduce fresh water uses.

® Reuse cooling tower overflow for grounds sanitation.

e Reuse cooling water.

® Reuse process condensate in place of fresh water in areas of production.

® Re-circulate seal water.

e Eliminate one pass cooling.

® Reuse process water for irrigation.

e Because cooling towers are grouped, could recirculate water from the last (third cell)

back to the first cooling tower resulting in several hundred thousand gallons per day of

water savings.

® Lye concentrators recover and reuse caustic. Less lye in process water so savings in
chemicals.

e Directed cooling tower return water to flumes.

Water Use Efficiency Study, California League of Food Processors Page 17
g:\is-group\admin\job\14\1465014.00_clfp\09-reports\wues\text.doc



4.2

Fruit washing — first with ‘recycled’ water and then with freshwater. Capture the last rinse
water for to become the first (‘recycled’) rinse water.

Defrost water reused for irrigation.
Also reusing defrost water for nightly cleaning and sanitation of the belts.

Increased ability to source water from raw materials (i.e., incoming tomato or milk) by
adding treatment.

Reject water from RO units is collected and reused.

Looking at ways to prevent water from touching the ground so they can increase recycle
or reuse opportunities.

Alternative BMPs

The CLFP surveys queried member companies if specific BMPs, beyond recycling/reuse, that
are currently in place. Respondents also wrote-in future conservation improvements that are in
the planning stages. During the facility interviews additional proposed or planned BMPs were
identified: BMPs identified by facilities include:

Employee engagement

Employee training

Water conservation plan

Low volume high pressure cleaning systems
High pressure hoses

Nozzles — over time have gone from unrestricted hoses, to restricted flow hoses, to
hoses with shut-offs

Nozzles on every hose

Reduction in high flow hoses

Improved clean-up procedures

Improve cleaning, sanitation, and conveying procedures
Spill control in flumes

Processing techniques to reduce water and dilute chemicals
Lower the pressure of high pressure pumps

Ozone system or improve ozone system
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Use of ozone on belt sprays to reduce potable water sprays and cleaning chemical use.
Eliminate ozone water overspray by retrofitting belts with a roller system.

Water saving sprays

Reduce product spillage to reduce sanitation water

Rent meters and monitor points of interest

Install submeters

Leak control

Install meter/ball valve to regulate blowdown at cookers

Peeling — selectively using both steam and caustic (potassium hydroxide). Mostly caustic
since steam is pricey and caustic does a good job. Steam used for “organics.”

Peeling — High pressure air following sodium hydroxide (2.5%) application for peeling.
Potential to minimize or eliminate recycle rinse and freshwater rinse. Trial.

Eliminate troughs that take defective fruit out of the system. By expanding the conveyer
and widening the pulley, conserve water.

Appoint/hire “water manager” who looks for trends and blips and ways to improve
efficiency.

Challenge chemical supplier on reducing water/chemicals needed for cleaning and
sanitation. Rely less on third party chemical supplier and rely on internal process and
“validation study.”

Evaluate: CIP processes chemicals, timing, water use; the need to rinse to neutral; and
added staff, including a sanitizer coordinator, in each production area.

Reduce chemical use via substitution and increased efficiency.

Employees — success breeds success. As employees see that conservation is possible,
they are now behind it.

Compendium, Guidebooks, and Plan-Do-Check-Act

Appendix E provides a compendium of BMPs collected during the literature survey. This
includes those in the Cll Task Force Report as well as publications from the United Kingdom,
New Zealand, Australia, and throughout the United States. The CIl Task Force Report
recognizes that “...every facility is uniqgue and what may work at one vegetable processing plant
may not be applicable at another.” Thus, it is up to the CII entity to determine which alternative
BMPs are the most appropriate for their situation.

Water Use Efficiency Study, California League of Food Processors Page 19
g:\is-group\admin\job\14\1465014.00_clfp\09-reports\wues\text.doc



Thus, Appendix E presents possible BMP options. However, the identification, screening, and
implementations of BMPs at a particular facility should be part of a larger, integrated process.
The BMPs in Appendix E are sorted into the following categories:

Food and Beverage specific
Cleaning Activities

Pipes and Equipment
Thermodynamic Processes
Reuse Opportunities

Water Treatment Systems
Alternate Water Sources.

Although few BMPs specific to food processors were identified in the literature, there are several
operations that are common across industrial entities. This includes boilers, cooling towers, and
source water treatment. Note that, the literature contains a great deal of information on water
efficiency measures for restrooms, kitchens, landscaping, and other ancillary facilities. However,
Appendix E and this document focus on water uses directly involved in food processing.
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Section 5: Recommendations and Next Steps

One of the objectives of this study is to assess whether past changes in water policies or laws
have had an impact on total industry water use. It appears that there has been an effort among
food processors for over a half a century to be water efficient without the influence of water
conservation policy or legislation. As examples:

e |tis assumed that plants implemented water reuse strategies, not in response to public
policy, but to be cost effective and to potentially reduce stress on local public works.

e Many of the facilities responding to the CLFP survey and who participated in facility
interviews mentioned corporate initiatives for water conservation. These internal
programs have had varying levels of success but were implemented without the
influence of public policy.

* The legislation that has had the largest impact on water use in the food industry is the
Clean Water Act and those associated with food safety. Many facilities have site-specific
discharge limits that require greater water efficiency or reducing the volume of water
used at the facility. For those who discharge to publically owned treatment works
(POTWSs), there are benefits to reducing wastewater volumes including reducing costs
and time associated with wastewater treatment and handling

Another objective of this study is to assess whether water usage by the food processing industry
has become more efficient over time and what has led to the increase in efficiency. As
described throughout this report, consistent water usage data was not available. But, based on
the information in Section 3, it appears that the industry has become more efficient. To ensure
consistent data are available in the future, the following are recommended:

e Document in-plant recycling, recirculation and reuse — Ensure the general public is
aware that water recycling and reuse have been common practice within the industry for
over half a century.

e Document water sourced from raw materials — Remind the public and legislature that
food processors extract plant processing water from raw materials and reuse as a
means to address both water supply and process wastewater generation.

e Expand industry adoption of sub-metering — Although most facilities have a generally
good idea of which activities required the most water, there is some uncertainty. And, the
survey results discussed in Section 3 indicate a need to better understand the volume of
water currently being reused with some facilities. Sub metering is a relatively
inexpensive way to gather more precise information to ensure that facilities focus limited
resources wisely. For example, sub metering will help confirm if new water conservation
improvements were successful. Additionally, sub metering data will help quantify the
volume of water recycled or reused within the plant, and within the industry. The State,
through the water and energy utilities, could do more to provide financial incentives to
help firms change equipment or provide training similar to what is done with energy
conservation and efficiency programs.

Water Use Efficiency Study, California League of Food Processors Page 21
g:\is-group\admin\job\14\1465014.00_clfp\09-reports\wues\text.doc



Regular reporting to CLFP — Continue to solicit water use data every 3 to 5 years from
CLFP member companies. Continue to review and develop metrics (gallons/year;
gallons/ton of product, gallon/tax dollar generated; gallon/product moved; etc.).

Identifying possible BMPs for food processors was also an objective of this study (see Section
4). However, it appeared that some facilities are implementing water conservation programs
without having performed an audit, without involving employees, and without follow up to
determine the success of the BMPs. Further, every facility is unigue and BMPs should be site
specific. Thus, it is recommended that facilities undertake a process of plan—do—check-act to
identify, implement, and monitor appropriate BMPs. Suggested avenues for CLFP to continue to
assist with an industry wide program include:

Facility Audits — Assist selected facilities in self-auditing. During this process, CLFP can
continue to collect data that will bolster and confirm the data in this study. In addition,
these representative facilities can become case studies on how to self-audit, identify
water efficiency measures, develop benchmarks, and apply metrics.

Hotspot Identification — Determine those processes that account for largest percentage
of water consumption (becomes focus area) and what measures are being used to
address.

Self-Audit Framework — Based on pilot site water audits, develop a procedure for
facilities to self-audit. This framework will focus on those processes that represent the
majority of water consumption. Facilities can then identify BMPs that address the large
water using activities.

Guidebook — Develop a practical manual and tool for CLFP members to benchmark
water use at their faculties, document their efficiencies, set water conservation targets,
and develop action plans to further goals. By doing so, facilities will be participating in a
process of plan—do—check—act.

Employee engagement — employees can make a significant difference in water
conservation.

Expand Industry Adoption of sub-metering — as discussed above.

Section 4 and Appendix E includes possible of BMPs collected during the literature and CLFP
member company surveys. But, most are not specific to the food processing industry. Thus,
another recommendation includes:

Develop Best Practices and Innovative Technologies — Using the practical knowledge
gained from work at the pilot sites and hotspot identification; develop practices and
technologies that address hotspots specific to food processors. These practices and
technologies may not currently be in use and will need to be formulated.

Alternative Water Supplies — Appendix E identifies potential opportunities to substitute
alternative water supplies such as recycled water, rainwater, stormwater, air conditioner
condensate, filter and membrane reject water, foundation drain water, etc. These should
be further explored to determine their applicability for various uses at food processing
facilities.
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® Non Process Water BMPs — Develop reference list or material for non-process water
(restrooms, kitchens, landscaping, HVAC, visitor centers, administration, etc.) including
volumes, metrics, and best practices.

Final recommendations that will be necessary as facilities become more water efficient include:

® Process Wastewater Quality — As water use efficiency increases, the concentration of
constituents in process wastewater will also increase. Thus, analyzing the unintended
consequences of water conservation may include evaluating the use of loading rates for
land application treatment (Ibs/acre) versus concentrations (mg/l) in regulating process
wastewater treatment and land application practices and protection of groundwater and
surface water supplies.

e Synergies — Analyze and support associated savings associated with increased water
efficiencies. This may include energy, cost savings, wastewater treatment and disposal,
chemical use, etc.
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Beverages Point Source Category”, Part . March 1975.

US EPA, Technology Transfer Seminar Publication Pollution Abatement in the Fruit and Vegetable
Industry. Volume 1: Basics of Pollution Control / Case Histories. July 1977.

US EPA, Technology Transfer Seminar Publication Pollution Abatement in the Fruit and Vegetable
Industry. Volume 2: In Plant Control of Process Wastewater. July 1977.

US EPA, Technology Transfer Seminar Publication Pollution Abatement in the Fruit and Vegetable
Industry. Volume 3: Wastewater Treatment. July 1977.

van der Leeden, Frits. Troise, Fred L. Todd, David Keith. The Water Encyclopedia, Second Edition.
Lewis Publishers.

Waste Treatment in the Food Processing Industry. 2006. Edited by Wang, L., Hung, Y., Lo, H. and
Yapijakis, C. Taylor and Francis Group, LLC.

Water Environment and Technology “Georgia prison 'cans' excess water use” 16.1 (Dec 1, 2004):
72.

Water Use Efficiency Study, California League of Food Processors A-4
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Appendix B: Most Useful References for Metric Data

Reference (in order of relevance)

PROs

CONs

1. Kollar, K.L. and MacAuley, P., Water
Requirements for Industrial Development, J.

Am. Water Works Assoc., vol. 72, no. 1.
Copyright AWWA, Reprinted with
permission. 1980. (Kollar, 1980)

Gives metrics: water use by various units of production for:
Meatpacking, Poultry dressing, Dairy, Canned fruits and
vegetables, frozen fruit and vegetables, Malt beverage.
Breaks out water use into percentage noncontact cooling,
process related, and sanitary.

Breaks water use down into gross water use, intake by unit
of production, consumption, and discharge.

Comparison of high recycling plants to 1973 industry
average by gallon of water per unit of production.

Not California specific.

. The Water Encyclopedia, Second Edition.
van der Leeden, Frits. Troise, Fred L. Todd,
David Keith. Lewis Publishers. 1983 (Water
Encyclopedia 1983)

Gives metrics: water use versus industrial units of
production for the following: Meatpacking, Poultry dressing,
Dairy products, Canned fruits & vegetables, Frozen fruits &
vegetables, Wet corn milling, Cane sugar, Beet sugar, Malt
beverage (from Kollar, 1980).

Comparison of average plants to high recycling plants using
1973 industry average using gallon per unit of production.
Total United States industrial water broken down by:
Percent noncontact cooling; Percent process and related;
Percent sanitary and misc.

Not California specific.

. US EPA, Technology Transfer Seminar
Publication Pollution Abatement in the Fruit
and Vegetable Industry. Volume 2: In Plant
Control of Process Wastewater. July 1977.
(EPA 1977)

Metrics: water use (gallon per ton) for various processes.
Provides average gallons of wastewater per ton of product
for different commodities

Gives water use and process wastewater flows for several
different food processing categories.

Discusses water conservation and identifies where water
can be recovered and reused.

Not California specific.

Water Use Efficiency Study, California League of Food Processors
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Reference (in order of relevance)

PROs

CONs

4. US EPA, Office of Water and Hazardous
Materials. Development Document for
Interim Final and Proposed Effluent
Limitations Guidelines and New Source
Performance Standards for the Fruits,
Vegetable and Specialties Segment of the
Canned and Preserved Fruits and
Vegetables Point Source Categories.
October 1975 (EPA 1975)

Metrics: raw waste flows (gallon per ton) in 1977 and 1983
for several dozen commodities.

Discusses BACT for effluent reduction

Over 500 sources of info relating to raw waste load
characteristics of fruit and vegetable processing were
obtained. 50,000 data points. Used computer modeling to
aggregate, correlate, and predict gallons per ton.
Discusses challenges associated with estimation of
baseline values.

Not California specific.

Mostly process wastewater
data.

Another EPA Development
Document provided water
use (gallons per tons) in
granularity as well as
process flow diagrams for
the Apple, Citrus, and
Potato processors.

5. a. CA DWR. Bulletin No. 124-3 “Water use
by Manufacturing Industries in California
1979.” 1982. (DWR 1982)

5. b. CA DWR, Bulletin No. 124-2 Water Use by
Manufacturing Industries in California 1970).
March 1977. (DWR 1977)

5. c. CADWR, Bulletin No. 124. Water Use by
Manufacturing Industries in California 1957-
1959). April 1964. (EPA 1964)

California specific.
Tables 4 and 5.
Based on hundreds of survey responses

Total water intake for cooling, processing, boiler feed, and
sanitation;

Total annual water use, water recirculated; water required

without recirculation; water treated prior to use; water treat.

Calculates cubic feet-of-
water/SF and cubic feet-of-
water/average-employee-
day. These are then
broken into the use
categories (cooling,
processing, boiler, etc.)

6. Mannapperuma, Jatal D., Yates, E. D., and
Singh, R. Paul. “Survey of Water Use in the
California Food Processing Industry.” Food
Industry Environmental Conference. 1996.
(FEIC 1993)

California specific.
71 respondents to the survey.
Consumption rates were significantly lower than rates
reported in earlier surveys.
Some metrics as follows:
0 Tomatoes ranged from 144 to 1870 gal per ton of
tomatoes.
0 Wine ranged from 625 to 2800 gal per ton of grapes
0 Peach 1800 to 3900 gal per ton
o Olives 3000 to 10,400 gallons per ton
0 apple sauce, apricots, artichokes, asparagus, Brussels
sprout, cheese, cherry, frozen fruit, garlic, meat,
mushrooms, onions, pears, pumpkins, raisins, seafood,
specialty, vegetable oils, yams, zucchini.

Uses raw material (i.e.,
grapes vs. wine) to
normalize the data.

7. Kreith, Marcia. Water Inputs in California
Food Production, Sacramento, Calif.: Water
Education Foundation. September 27, 1991.
(WEF 1991)

o California specific.
e Gallon per pound of purchased food.

The normalization to pound
of retail food in the
summary charts may be an
issue.

Water Use Efficiency Study, California League of Food Processors
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Reference (in order of relevance)

PROs

CONs

8. Katie Bromley-Challenor, Mark Kowalski,
Richard Barnard, Stephen Lynn. Technical
report. “Water use in the UK food and drink
industry. A review of water use in the food
and drink industry in 2007 and 2010, by sub-
sector and UK nations.” For WRAP. July
2013 (WRAP 2013)

e Total water use by sub categories (2007 and 2010) as well
as number of employees and meals.

e Not related to California

products.

Water Use Efficiency Study, California League of Food Processors
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Appendix C

Data Tables from Literature Survey



1. Kollar, K.L. and MacAuley, P., Water Requirements for Industrial Development, J. Am.
Water Works Assoc., vol. 72, no. 1. Copyright AWWA, Reprinted with permission. 1980.
(Kollar, 1980)
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| ‘into paper products are usually located near the11=
- “industrial or retail customers.

The chemical industries produce a wide variety of

“products, of which petrochemicals and fertilizer are the
-most water intensive. Since access to petroleum and
=natural gas feedstocks are of primary importance, the

chemical industry is heavily concentrated in the Texas

+Gulf and lower Mississippi regions. Other important
{-concentrations of chemical plants are in such industrial
| ; centers as the

Great Lakes, Ohio, and Atlantic
‘Tegions,
The petroleum refining industry is found largely in

oil-producing regions and in coastal regions where oil is

““imported. Three of the largest water-using areas are the

“Texas Gulf, lower Mississippi, and California regions,

TABLE 2
Percentage of Gross Industrial Water Use by Purpose
. Gross Water Percentage Percentage Percentage
s Use by Unit of MNoncontact Progess Sanitery
- Industry " Paramelers of Water Use Production Cooling* and Related* and Miscellaneous*
Meatpacking . gal/1b carcass weight 38 gal/lb 4% 48 12
Poultry dressing gal/bird poultry slaughter 11.6 gal/bird 1z 77 12
Dairy products gal/lb milk processed .85 gal/lb 53 27 19
Canned fruits and vegetables gal/case 24-303 cans eq 225 gal/case 19 67 13
Frozen Fruits and vegetables gal/lb frozen product 11,2 gal/lb 19 72 8
Wet cofn milling gal/bu cern grind 418 pal/bu 36 63 i
Gane sugar gal/ton cane sugar 28 10¢ gal/ton 30 69 1
Best sugar | - gal/ton heet sugar 33100 gal/ton 31 a7 2
Malt beverages gal /barrel mait beverage 1500 gal/hbl 72 13 15
Taxlile mills gal/lb fiber consumption M gal/lb 57 37 8
Sawvmills © gal/bd ft lumber 6.4 gal/bd ft 58 36 [
Palp and paper mllls gal/ion pulp and paper 130 000 gal/ton 18 aa 1
Papar converling gal/ton paper converted 6600 gal/ton 18 77 5
Alkalis and chlorine gal/ton chlorine 29800 gal/ton 85 14 1
Industria) gases . gal/1000 cu fi industrial gases " e38 gal/mef 06 13 1
Inorganic pigmenis gal/ton Inorganic pigments 97 800 gal/ton 41 <433 1
Industrial inorgenic chemicals gal/ton chemicals 100 perceni bhasic 14 500 gal/ton a3 16 1
Plastic materials and resins | gal/lb plastic 24 gal/lb 93 7
Synthetic rubber gal/lb synthetic rubber 55 gal/lb 83 17 Z Z
Cellulosic man-made fibexs gal/lb fibers 231 gal/lb -] a0 1
Organic fibers, noncellulosic gal/1b fibers 101 gal/lb 9 54 1
Paints and pigments gal/gal paint 13 gal/gal 78 17 4
Indusirial organic chemicals . gal/ten chemical building blocks 125000 gal/ton 91 g 1
Nitrogenous fertilizers gal/ton fertilizec 28 508 gal/ton 92 8 Z
Phosphatic femhzers gal/ton fertilizer 35602 gal/ton 71 28 1
Carbon bick gal/lb carbon black 4.6 gal/lb 67 as 8
Petroleum refining gal/barrel crude oil input 1851 gal/bbl 95 5 Z
Tires and inner tubes gal/tire car and truck tires 518 gal/tire a1 10 k]
Hydraulic cement gal/ton cement 1360 gal/ton az 17 1
Steal gal/ton steel net production 82600 gal/ton 56 43 1
Iron and stepl fﬂundnes _ gal/ton ferraus castings 12 400 gal/ton 34 58 8
Primary copper gal/Ib copper 53 gal/lb 52 40 2
Primary aluminum gal/ib aluminum 49 gal/lb ) 26 2
Automobiles gal/car domestic avtomobiles 36 500 gal/car 28 69 3
\»_‘Z = lgss than 0.5 percent of gross waler use; percentages may not add evenly due to rounding
i TABLE 3
Water Use Per Employee
. to desalinate saltwater at a high cost in dollars and Groas Wator Use Intake
- energy. New water intensive industries are not likely to Per implayee Per Emplayee
" locate in these islands, unless they can satisfy much of Industry Group Liday gpd | Liday | gpd
their water requirements with saline water. Food and kindred produgts 16 550 4200 10960 | 2000
. . . . . i Tobacco manufacturers 22570 6100 1480 400
- Geographic Distribution of Water intensive Xexﬂlelmilldpro}dtuc;s N 6660 1600 zgm ?33
' u : pparal and related products 37 100 70
ManUfaCtunng Industries Lumber and waood products 5620 1600 3700 1000
. ' : . : Furniture and fixturos 440 120 370 100
:  Table 1 shows the geographic distribution of water Paper and ellied products 25930 38000 | 42020 | 11800
. : 3 i i Frinting and publishing 370 o] 370 100
. A].Ilj[E‘,D.SIVE mapufacturlpg HlduStI:leS ! . Chemicals and allied products lag 110 40 300 56 240 15 200
E The paper 1ndustry is located in almost every section Petroloum and ooal products 603 100 183 000 94850 | 25500
v : : H : Rubber and plastie products 10 730 2900 3700 1000
. of the nation, but especla{ly in the south Atla.ntu; Gulf Lonthor and Joathor mroducts - o o o
and Columbia-North Pacific regions. The chief deter- Stone, clay, aed glass products 11 470 5100 5550 | w00
. p . . . Primary metal industries 78940 21 200 44030 11800
- Ininant in locatlng paper mills is access to Elqu‘LlﬁtG F:bricgtad metal peoducts . 2080 800 1110 300
supp'lles of softwoods for paper {iber. HOWBVEI.‘, about Machinery, except electrical 3700 1000 1480 400
. ] . Eleotrical machinery 9260 2500 1110 300
/20 percent of the paper mills recycle waste fiber, and Transportation ecuipment 17020 4600 2220 600
: 3 HA Instruments and related products 4440 1200 1110 300
___’Ehus are usually located near cities or other sources of N e oot - ot o oo
- wastepaper. Those plants that buy paper and convert it

N /

which are both oil importers and oil producers. Since
the Arkansas-White-Red region is a major oil-produc-
ing district, it supports a large nnmber of refineries
despite the relative scarcity of water. The Middle
Atlantic region refines large amounts of imported oil.

More than two thirds of the water use in primary
metals manufacture occurs in the Great Lakes and Ohio
regions, the heartland of the American steel industry.
The steel industry has been concentrated in this area
since the industrial revolution, reflecting the abun-
dance of iron ore, coking coal, limestone, and water,
Virtually all major steel mills are located alongside
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TABLE 4
Whater Use Versus Industrial Units of Production
Gross Water Intake Consumption Discharge
Used by Unit of by Unit of by Unit of by Unit of
Industry Paremeters of Water Use Production Production Production Production
Meatpacking gal/lb carcass weight ‘5.6 gal/ld . 22 gal/lb 0.1 gal/lb 2.1 gal/lb
Poultry dressing gal/bird pouliry slaughter 116 gal/bird 10.3 gal/bird 05 galfbird 9.8 gal/bird
Dairy products gal/th milk processed 0.85 gal/lh 052 gal/lb 0.03 gal/lb 048 gal/lh
Canned fruits and vegetables gal/case 24-303 cans eq 225 gal/case 107 gal/case 10 gal/case . 98 gal/éase
Frozen fruits and vegetables gal/1h frozen product 11.2 gal/lh 7.t gal/lb 0.2 gal/lb. 6.8 gal/lh -
‘Wet corn milling gal/bu corn grind 418 gal/bu 223 gal/bu - 16 gal/bu 205 galsbu
Cane sugar gal/fton cana sugar 28100 gal/ton 18 250 gal/ton 950 gal/ton 17300 gal/ton
Beet sugar - gal/ton beet sugar 33100 galfton 11100 'gal/ton 390 gel/ton © 0 700 gal/ton
Malt heverages gal/barrel malt beverage 1500 gal/bbl” 420 gal/bbl 50 gal/bbl - 330 gal/bbl.
Textile mills gal/lb fiber consumption 34 gal/lb 14 gai/lh : 14 galdb 12.6 gal/lb -
Sawmills gal/bd. ft lumber ] 54 gal/bd ft 3.3 gal/bd ft - . 08 gelrbd fi - .- 2.7 galfhd &
Pulp and paper miils galston pulp and paper ¢ 130000 gal/ton 38000 gal/ton 1800 gal/fon 36 200 gal/ton
Paper converting gal/ton paper converied 8600 gal/ton 3900 galfton 270 galfton | 3600 galston
Alkalis and chlorine gal/ton chlorine 28800 gal/ton 22200 gal/ton 700 gal/ton -. 21600 gal/ton
Industrial gases £al/1000 eu 1 industrial gases 636 gal/mef . 226 gal/mof A1 gal/mof? 183 gal/mof
Inorganic pigments - gal/ton inocganie plgmenty . 97800 pal/ton 49400 ' gal/ton 1600 gal/ton 47800 gal/ton
Industrial inorganic shemicals gal/ton chemicals 100 percent basis - 14500 gal/ton. 4760 palfton 470 gal/ton "4300. gal/ton’
Plastle materials and resins gal/lb plastig-- : 24 gal/ib . .67 pal/lb - 0% palilb 6.1 gal/lb
Synthetic rubber gal/lb synthatic rubber a5 gal/lb’ 8.5 gal/lb 14 pal/lb 51 gal/lb
Cellulosic man-made fibers gal/lb Rbers 231 gal/lb 68 gal/lb 48 gal/lb V.63 galdh
Organic fibers, noncellulosic gal/b fibers 101 gal/lb a8 gul/lh 1,1 galsib’ 47 gal/lh .
Painls and pigments gal/gal palnt 18 gal/gel. 7.8 gal/gal 0.4 pgal/gal ; 7.4 galrgal
Industrial organic chemicals gal/ton chemical building blocks 185000 gal/ton 54500 gal/ton 2600 gal/ion - 51700 gal/ton
Nitrogenous fertilizers gal/ton fertilizer - 285068 gal/ton 4001 galston 71 gal/ton 3404 galston
Phosphatic fertilizers gal/ton ferlilizer . 35602 galston 8461 gal/ton 1277 ‘galiton 7184 galslon®
Carbon black’ gal/lb carbon black 4.8 gal/lb . 3.8 gal/lh . 09 gal/lb 3.1 galtle
Petroleum refining gal/barrel crude oil input 1851 gal/bb] 289 gal/bbl 28 gal/bbl 261 gal/bbl
Tires and inner tubea gal/tive car and truck tires 518 galrtire 163 gal/tire 14 gal/tire 139 gnl/tire
Hydraalic cement gal/ten cement : 1360 ‘gal/ton 830 gal/ton 150 "gal/ton ‘680 gal/ton
Steel galsion steel net pmductlon 62600 gal/ton 38200 gal/ton 1400 gal/lon 36 800 gal/ton
Iron and steel foundries gal/ton ferrous castings 12400 gal/ton 3030 galfon | ° 260 gal/lon 2760 gal/ton
Primary copper gal/Ib copper 53 gal/th 17 gal/lb 4.1 gal/lb - .13 gal/lbh
Primary aluminum gal/Tb alrminum 48 gal/lb 12 gal/lh .02 galilh 11.8 .gal/lb
Automobiles gal/car domestic automob:les 36500 gal/car . 11464 gal/ear 649 ‘pal/car 10 814 galscar |

\.

J

navigable waterways, because of the competitive cost
of barge transportation and the large volumes of water
needed in steelmaking.

Applications of Water by Industry

Table 2 shows the different industrial uses of water.
The table deals with the three broadest and most
commonly used classifications: noncontact cooling,
process and related uses, and sanitary and miscella-
neous uses.

Noncontact cooling is the largest water use for the
manufacturing sector as a whole. In this application
water is separated from the material being cooled by
heat exchanger surfaces. The most common noncontact
cooling uses are equipment cooling, process tempera-
ture control, steam electric power condensing, and air
gonditioning.

" Process uses include a variety of applications whers
water comes in contact with process materials or waste
products, or is incorporated in the product. The most
cormmon process applications are inclusion in food and
beverages, slurrying, paper forming, bleaching, dissolv-
ing, rinsing, scalding, fume scrubbing, spray cooling,
and barometric condensing. Included in this category is
boiler feedwater, which is used to'generate steam for
process purposes or steam electric power generation.

The third category covers sanitary and miscellaneous
-uses, chiefly sanitary service water for the personal use
of employees. It also includes water for plant cleanup,
groundskeeping, firefighting, and dust control.

The relalive importance of the different water uses
varies considerably among industries. Cooling water is

6 MANAGEMENT AND OPERATIONS

the dominant use in the petroleum refining and chemi- :

cal industries, while process uses are more important in
the paper and food processing industries., The paper
industry is by far the largest user of process water,
accounting for more than half of its total on a gross use
basis. Sanitary uses of water are relalively minor

except in the food processing industries, which have:

special sanitary requirements and are generally labor
intensive.

Most “dry” industries use water chiefly for air condi-

tioning and sanitary service. Sanitary service require-
ments rarely exceed 1 kL/day (300 gpd) per employee,
and average about 340 L/day (90 gpd) for all manufac-
turing. Air conditioning is the largest water use in such
dry industries as tobacco, instruments, and machinery.
Water in evaporative air conditioning systems is usual-
ly very easy io recycle, and most such systems are
designed to recycle the water twenty to 50 times. In
situations where water is especially shoit, indusiries
have the option of using dry heat exchangers or vapor
compression air conditioners, both of which are more
costly and energy intensive for commercial-sized appli-
cations. :

The “wel” industries are for the most part those that
convert raw materials into intermediate industrial
goods. They are often termed heavy industries or
smokestack industries. Most of these industries are
capital intensive and energy intensive, rather than
lebor intensive.

While these plants are not especially labor intensive
in themselves, they provide an important industrial
base for the community. They function both as markets
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TABLE 5

Waier Use Versus Standardized Units of Production

and suppliers for many other businesses. Since access

“'to markets and suppliers is among the chief determi-

nants of new plant location, these heavy industries
serve to support a number of light industries and
services,

Many environmentalists st111 harbor a lingering aver-

sion to certain water intensive industries (such as steel

- mills, refineries, and paper mills). Because of pollut'ion-

control laws and major efforts by industries to improve
their image, these plants are becoming much more
harmonious with their surroundings. Water quality

_improvements are dramatic as industries upgrade

discharge treatment and recycle more wastewater, New

‘greenfield” plants are becoming especially attractive

as advanced polution control technology is cembined

_with careful landscaping and handsome architecture.

Water Use Per Employee

Table 3 shows some of the variations by industry in
average water use per employee. These are overall
averages for each industry group and are shown only
for purposes of comparison. Two different parameters

- of water use are intake and gross water use. Intake ig
| . the volume of water taken into the plant, either
= purchased from water utilities or self-supplied. Gross
. Water use is the sum of the intake water plus the reused
- water, and is a measure of the total volume of intake
. that would have been required if water were used on a

once-through basis.
It is readily apparent from Table 3 that some 1ndustry

groups tend to require much more water per employee
than others. For example, the apparel and furniture

JANUARY 1980

Gioss Water, ~ Intake Consumption " Dissharge
- R S e Uzed by Unit of by Unit of . - by Unitof | " by Unit 6f
: Industry - Parameters of Water Use “ Production”” . ‘Production Production " Production
Meatpackmg gal/ton carcass weight. . - 7194 galrton ' | 4331 gal/ton 78 gal/ton . 4258 galvion
Pouliry dressing - gal/ton ready-to-cook weight - - 7369 galiton - | 7 6542 gal/ton - 206 gal/ton 2| 8248 gal/ton
Dairy products gal/ton, milk progessed - ; 1692 galften .| . 1035 gal/ton 63 gal/ton ¢ |- 9% gal/ton
Canned fruits and vegstables . gal/ton vegetﬂhles cagned .- 18700 galfton - |--. D400 gallton 880 galston..: . | 7: 8550 gal/ton
Frozen fruits and vegetables _ gal/ton vegetables frozen . 22500 pal/ton 14100 gal/fon 300 galiton 4 |13 800 gil/ton
Wet torn milling : " gal/ton born ground. - 17 ‘14880 gal/ton - |- 7988 ‘gal/ton 843 ' gal/ton 7B gal/ton
Cane, sugag - gel/ton cane sugar - 28102 galfton . . 18268 gal/ton odd, ‘galston . - 17512 gal/fon
Beet sugar gal/ton beet sugar- - 33145 ‘galfton . |7 11118 galiton 386 gal/ton o | 10731 gal/ten.
Malt beyverages gal/gal beer and malt llquur (49 gal/gal S0 14 pal/gal < 8. gal/gal S galvgad
Taxiile mills. : gal/ton textile fiber input, .BOEOB galston . .. | 30016 gal/ton 3008 gal/fon . 27008 gal/ton
Sawmills L gal/bdd t lumber . c 54 gal/bd fr e 1+ 789 galsbd fit 0.88 gal/hd ft - 2027 galZbd Bt
Pulp and piper mills "gal/fon paper. 130 047 - galston 37971 galrton 1176 gal/ton -, | 36183 Bal/ton”
Paper £oriverting - gal/ton paper nnnvsrted . 8684 gal/ton .51 0 3061 gal/ton 273 ‘gal/ton ‘3588 “galiton
Alkalis and ohlorine gal/ton chloting - : . 29840 'gal/ton ;.- | .. 22302 gal/ton 676 galston. .| 21628 gal/ton
Industrizl gases : gal/ton weight of gas 15680 - galston - 5700 gal/ton 780 ‘gal/ton- ; | .- 4bo0°gal‘ton
Inorganic pigments - gal/ton pigments ... 97 600 galften -~ 49400 'gal/ton 1800 galltosi - | - 47860 “gal/ton
Induyatrial Inorganic chamlcnls gal/ton’ chemical producls ©- 14500 gal/ton . .. 4700 "gal/ton " 470 gal/lon . 4300 gal/ton
Plastic maferiala and resing . " galston plastlos - o © 47081 gal/ton | 13838 gal/ton 1078 'gal/ton .- 12278, gal/ton
Synthetic rubber e -galvton synthetis rubber - 110800 galston.~ {13200 gal/ten . 2800 galfton - |..10873 galston
Cellulosie man-made fibers - galtton fibers . 482 240 gal/ton | i 135 100, gal/ton © 9200 galzton ™7 | 128846 gal/ton
Organit fibers, noneallutosic gal/ton fibers - - 2027123 gal/ton. . | -. 76523 gal/ton . 2159 gal/ten’ > | 74369 gal/ton
Paints dnd pigments * galvgal paint =18,% galfgal ¢ 7.8 gal/gal 04 galfgal... . |~ .+ 74 _gal’gal
Inclusirial diganic chemlcals . gal/ton ghiemical bmldmg hlocks . 124700 galiton o |.- 54500 gal/ton 2800 gal/ton - -] - 651700 gal/ton
Nitrogenous: feriilizers Fal/ton Fertibizer -/ : . PBB06 galdton 17 4001 ‘gal/ton 701 galflop. | sade gﬂlll[m :
Pligsphatie. farliltzers galiton fertilizer . S "85 604 malston | - "8461 galston . 1277 galflon .| 7. 7ap4 galiton |
Garbor blagk. . - gal/ion: garbon black” . - "+ 9200, 'galfton - ~ 7885 gal/ton 11771 gal/ten - - . 8114 gal/ton - .-
Petroleum Yefining - _ gal/gal erudeé petroleum’ input L0 48 galrgdl e 6.9 palsgal 0.7 galsgal’ B8 gal/gal -
‘Tives and inner tubes . gal/tize car and truck tires . 516 galftire +: 189 gal/tiee C 14 galstivs ., gl tire |
Hyidraulic nement - gal/ton Gement " : - 1385 galMon i 831 gal/ton 146 gal/ton. . BAS " gal/ton -
Steel: - : galvidn zleel net tons 82 601. galstor 36200 gal/ton 1400 palfton - gal/tosi
Fron znd steel. foundnes gal/ton forrous castings o 1z407 gal/ton 3024 “gal/ton . <260 pal/ton - ‘278t geliton’
Primary copper : galAon copper -, ". 106000 gal/ton | 34000 gel/den | 7. 8200 galiton 25000 galiton”
Primary aluminum gal/ton aluminem | - 984900 galston o - [ 281900 galfon 361 galston - |- 23600 galston
Automcbiles " gal/oar sutomobiles’ - ., 36500 gal/car. 11484 gal/car . 849 galfear . 10814 gal/car
\ TABLE 6

Typical Waier Uses in Paper Mills*

S - -)E,In'take"i © - Intake
Gross - | Reqiirement. | Requiréinent
Water Use. - | MLovr Reuse) : |~ (High Retsej
Purpdse ) MLJ’day rhgd MLfday mgd Mleuy inch .
Kendt pulping (provess use) e 118 82 u | | E .
Kraft pulping (cnuhng system) O B ] B 12| 7. 1B D,
Bleaching - - 140 - ] - 88 10 | .18 .
Paper forming fprucess Bystem) 120 ° |~ 35 1z -22 B
Paper forining (cooling system) Ik R 1 R B 0 - B V-
Electric p0wet couhngi‘ o S S ERN I K T B XY
Net totalsi B HESTE A B 135 2ok Bl oad | i

#1000 ton per day integrated bleached kraft paper mill

TCondenser cooling requiremants for a steam electric plant producing half of the tolal
electric power needs

{Intake net totals are less than the sum of the individual components because much of
{he wastewaler itom high quality uses is cascaded 1o lower guslity uses.

industries average about 380 L/day (100 gpd) per

employee, while paper and petroleum refining require

thousands of L/day peremployee. For the most part the

wet industries use water chiefly for industrial cooling

and process applications, while the dry indusiries use
" water for air conditioning and sanitary service.

The relative importance of water can be circumn-
vented by some industries in water-short areas by.
water recirculation. As shown in Table 3 the petroleum
refining industry averages 0.6 ML/day {163 000 gpd) per
employee of gross water use, yet withdraws only 0.1
ML/day (25 500 gpd) per employee. This works out to
an industry-wide recycling rate of 6.4. Some petroleum
refineries on the Great Plains and in California operate
at recycling rates as high as 40. Since water in petro-
lenm refining is used overwhelmingly for noncontact

K.L. KOLLAR & P. MAGAULEY 7
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TABLE 7

Water Intake Requirements: A\;ernge Piants Versus High Recycling Plants

cooling and condensing, it is relatively cost effective to
recirculate the wastewater after it has been cooled.

Industriai Production Versus Water Usage

Table 4 relates water use to uniform production units
for 34 water intensive manufacturing categories, These
34 industries account for 88 percent of all manufactur-
ing water reguirements. Good judgment should be
exercised in interpreting these ratios, since they repre-
sent overall averages for these industries.

The physical production units shown in Table 4 are a
diverse set of inputs and outputs peculiar to each
industry. In some cases the production parameter is a
unit of input, such as barrels of crude oil refined or
number of chickens processed. In other cases a partic-
ular measure of output was used, such as automobiles
assembled or pounds of meat packed. This approach
was required to reflect industry practice.

For water resource planners it is interesting to
compare water requirements by standarized produc-
tion parameters, Table 5 shows the data presented in
Table 4 in similar format, except that the water use
ratios are expressed in a more uniformn standardized
form, All physical production units have been recalcu-
lated inte either tons or gallons, except in cases where
this would be totally inappropriate,

The descriptions of the industries in Tables 4 and 5
require proper interpretation. In addition to inter-
industry variations in water use, there are also many
intra-industry variations, FEven plants in the same
industry can utilize a wide range of industrial processes

8 MANAGEMENT AND OPERATIONS

\

Intake Recycling Rate*
1973 BAT? 1973 BATY
Industry With Maximum Industry With Maximum
Industey Parameters of Water Use Average Feasible Recycling Average Feasible Recycling
Meatpacking gal/lb carcass weight 2.2 gal/la 0.5 gal/lby 186 6.67
Poultry dressing gal/bird pouliry slaughter i0.3 gal/bird 1.7 gal/bird 113 6.71
Dairy products gal/1b milk processed 052 gal/lh 0,13 gal/lb 164 6,87
Canned fruits and vegetables gal/case 24-303 cans eq 107 gal/case 28 gal/case 2.10 7.75
Frozen fruits and vegetables gal/b frozen product 71 gal/lb 1.6 gal/lb 1.60 7.25
Wet corn milling gal/bu corn grind 223 gal/bu 46 gal/bu 1.86 9.09
Cane sugar gal/lon cane sugar 18 280 gal/ton 5300 gal/lon 1.54 5.26
Beet augar gal/ton beet sugar 11100 gal/ton 8200 gal/ton 290 3.38
Malt beverages gel/barrel malt beverage 420 gal/bbl 105 gal/bbl 3.50 143
Textile mills gal/lb fiber consumpiion 14 gal/lh 18 gal/lb- 2.23 182
Sawmnills gat/bd ft Tumber, 3.3 pal/ft- 08 galAft 184 5.85
Pulp and papei mifls gal/ton pulp and paper 38000 palrton 10700 gal/ton 342 122
Paper converting gal/ton paper converted - 3900 gal/ton 750 gal/tom 1.70 8.93
Alkalis and chlosine gal/ton chlorine 22200 gal/ton 860 galZlon 134 345
Industrial gases gal’1000 cu ft industrial gases 228 gal/mef 18 gal/mef 2,82 345
Inorganic pigments gal/lon inorganic pigments 45400 gal/ton 8100 gal/tort 188 181
Industrial inorganic chemicals gal/ton chemicals 100 percent basis 4750 . gal/ton 470 -gal/ton 308 3z
Plastic materials and resing gal/lb plastic &7 pal/ly 0.7 gal/Th’ 353 333
Synthetic rubber gal/lb synthetic rubber 6.5 gal/lb 16 galslb B38 7333
Cellulosic man-made fikers gal/1b fibers 68 gal/lb "84 gal/lb 342 - 27.8
{Organis fibars, noncellulosia gal/lb fibers - 38 gal/lly 5.0 galsib 264 -20.0
Paints and pigments gal/gal paint 7.8 gal/gal . 0.8 gal/gal 169 161
Industriel organic chermicals gal/ton chemical building blocks 54 500 gal/ton © 4000 gai/ton . | 229 31.2
Nitrogeneus fertilizers gal/ton fertilizar . 4000 gal/tor © 900 gal/ton 7.12 3.2 .
Phiosphatic fertilizers gal/ton ferilizer 8500 gal/ton 2400 gal/ton 4.21 © 147 :
Carbon black gol/lb carbon black 4.0 gal/lb 0.3 gal/lb 117 e
Betroleum refining gel/barrel erude oil lnpul 289 gal/bhbl 55 gal/bbl - 6,38 333
Tires and inner tubes - galrtire car and truck tires 153 gel/tire 18 gal/tire 3.59 204
Hydraulic¢ cement galfton cement | " 830 galien 160 gal/ton 188 T4l
Steel . gal/ton steel net proc}uctmn 38 200 ‘gal/ton” 5300 "gal/ton 154 119
Iron and steel foundries gal/ton ferrous casnngs © 2030 gal/ion 1080 gal/ton 4.10 - 115
Primary copper gal/lb copper 17 gal/ib 45 gal/lb 312 1.9
Primary aluminem ~ galfib aluminum - o 12 gal/lb 29 gal/lb 411 169
Aulomubi]es gal/car domestic autbmobiles 11600 galfear 2200 gal/car . 318 ©18.3
*The recycling rate is obtained by dividing gross waler use by intake.
\ TBest available technology economically echievable es defined by Weter Pollution Contro! Act amendments of 1972
TABLE 8

Waier Recyeling in tha Twenty Plants wiih the Highest Rates
in 34 Major Water-Using Industriss, 1970

. Tenth [Twentigth
) Mean nghest Highest | Highest
Gross ‘Recy- | "Heey- - | Recy-’ ecy-
- Water cling | cling '{ eting cling
Industry Use* Intake* | Ratef Rale%r © { Ratet RateT
Meat packing plants 40732 [ 20335 | 244 706 241 145 -
Poultry dressing - 1473 1.890 175 4.28 130 114
Fluid milk 8.118 - 0.868 .45 71.7%, 792 3.86
Canned fruit apd vegetab!ea 10,873 3.418 3.12 1824 250 176
Frozan fru#t and vegetables 17353 0.259 1.87 713 187 1.3%
‘Wet corn milling 53006 | 32.1080 168 1191 231 im. .
Beet augar 58.049 16,828 | 4.80 22.24 287 [ 18
Malt’ liguors ) 54.350 12673 1 - 508 15.00. 2.85 14
Shortening and cookmg olls 48,106 5425 1 . 8.87 113.53 8.23 1.30
Cigarettes . 60.785 2292 | 2851 82,39 15.31 111
‘Weaving mills, cotton 74.289 11861 62,64 265,31, 64.25 | . 27.99
Weaving mills, synthetics 83114 0717 | 12289 | B50.25 | 13127 | 4853
Waeaving and finishing, wool | 48,163 | 2,637 7.27 0344 | 248 118
Pulp mills 713440 | z08.179 343 757 | . BB4L 141 .
Papermills, except building | 728.008 | 71.057 | 1048 7654 | B9G| BB -
paper T : RN
Paperboard mills. © 272670 | 14515 18.79 5000 | 1458 |- 822 ¢
Alkalies and chiorine 198798 | 87167 | - 228 | Zsd1 179 | 12z
Industrial geses 141450 1490 [ 9493 157.80 B4,83 | 4623 ¢
Cyclic intermediate and 227354 | B5.446 590 § 160.00 1345 || 224
crodes . : . E . & :
Indrganic pigraents . 120887 | s0.422 | 240 15.22 183 |1
Tndugtrial organic chemicals | 962830 | 35,142 | 2740 4818 2320 | 1580
Industrial inurgamc chPmi 505,019 18,670 | 3035 7.8 3010 | 2481 .
cals : s L - - o
Plastic rnalermla ancl Tesins 704.229 5131 | 197.25 6513.60 27ar| 1381
Cellulosic man-ihade fibers | 208,801 48,008 | - 436 90.83 4.30 187
Organic fibers, nancellulosic | 392835 | 151469 258 | . 2806 2821 1I6
Fharmaceutical preparatmns 70.8%1 15385 | 459 10473 | 736 111 ¢
Fertilizers 262,251 23573 | 1200 9060 972 245 -
Petg‘uleum refining 2026521 30.221 | 67,08 25105 4408 [ . 34.30
Cotant, hydraulia 20860 | 4370 | 483 || 9735 258 ) 177
Blist furnacés and steel mills| 394580 [ 200507 1358 | : 95.13 18.86 | B7B
Elnclromc.la!lurgwul procucts| 22732 o[ 1822 1244 65,81 2584 | 507
Gray iron founderies 35,396 10254 346 | . 15.23 2.86 1.82
Primary copper | 78473 | 33218 | 236 9.85 2.23 118
Primary aluminum 85. 519 15.723 417 10,10 350 - 188 |

*DBillions of gallons per year; 1 bil gal = 2.7 GL
\;I‘he recycling rate is obtalned by dividing gross water use by intake,

J

JOURNAL AWWA

len
ex
iy
be

be
dif
iR
cet

ave
wit
tha
abls
is ¢
Alt]
itly
maol
tres
is v
redt
trea

T
able
Poll
thar
that
final
be r

~such

indu
tene.
from
ably

JANU




2. The Water Encyclopedia, Second Edition. van der Leeden, Frits. Troise, Fred L. Todd,
David Keith. Lewis Publishers. 1983 (Water Encyclopedia 1983).



WATER USE

Table 7G.78 Water Use Versus Industri
- e

Industry

parameters of Water Use
Piathnblafssishisiojelihi ek

fogustty

Meatpacking
Poultry dressing
Dairy products
cannad, frults and vegetables
rozen fruits and vegetables
Wet com miling
Cane sugar
Beel sugar
Walt beverages
Textile mills
sawmils
Puip and paper mills
papar converting
Alkalls and chiatine
Industrial geses
inorganic pigments
Industrial inorganic chemicals
Plastic materials and resing
Synthetlc ruizber
Cellulosic man-made fibers
Organic fibars, nonceilulosic
Paints and plgments
Industrial organic chamisais
Nitregenous fertilizers
Phosphatic fertilizers
Carbon black
Petrolewm refining
Tires and inner tubes
Hydraulic cement
Steal
Iron and steel foundrles
Primary copper
Primary allminLm
Automoblles

gallb carcass weight
galibird pouliry slaughter
galto milk processed
galfoase 24-303 cans 6q
galfib frozen preduct
galflb corn grind
geldon cane sugar
galfton heet sugar
galfbarrel melt beverage
galib fiber consumption
gakbd Tt lumnber
galfton puip and paper
galton paper converted
galiton chiorine
gal/1,000 cu ft industrial gases
galfion Inorganic pigments
galften chemicals 100 percent basic
galflb plastic
galllb synthetic rubber
galib finers
galfib fibers
gallgal palnt
galton chemical bullding blocks
galfton fertilizer
galiton fertilizer
gaiflo carbon black
galfbartel cyude oil input
gaMtire car and truck tiras
galfton cement
galton steel net produciion
galfton ferrous castings
galflb copper
galllp aluminum
galicar domastic automebiles

e
Source:  From Kolar, K.L. and MagcAulay, P., 1980, Water requl
ne, 1. Gopyright AWWA. Reprinted with permission.

Gross Water
Used by Unit of
Production

3,6 gal/lb
11.6 gal/bird
0.85 galtb
225 gal/case
11.2 galilo
416 gabu
28,100 galiton
33,100 galiton
1,500 galhbl
34 galib
5.4 gal/bd 1
130,000 galfon
6,600 gatfton
29,800 galfton
538 gal/mef
97,800 galten
14,500 galfton
24 galib
55 galfio
231 galle
101 galilb
13 gal/gal
425,000 galiton
28,506 galfton
35,602 galiten
4.6 galllb
1,854 galbl
518 galitie
1,360 galfton
62,600 galfion
12,400 gallton
53 galflb
49 galib
36,500 galicar

raments for industrial developme

al Units of Production in the United States

Intake by Consumptlion
Unit of by Unit of
Production Production
2.2 gallb 0.1 gal/lb
10.3 galibird 0.5 galolrd
0.52 galit 0.02 galfib
107 galfcase 10 galicase
7.1 galfb 0.2 gallo
223 galfbu 18 gal/bu
18,250 galion 850 galfion
11,100 galfton 390 gakton
420 gal/bbl 90 galibbl
14 galfb 1.4 gallb
3.3 galfbd it 0.6 gal/bd fi
38,000 galfon 1,800 galiton
3,800 galfton 270 galiton
22,200 gal/ton 700 galfton
226 galfmet 31 gaifmef
49,400 gal/ton 1,600 galfton
4,750 galfton 470 galton
8.7 ga¥lb 0.6 gallb
6.5 gallb 1.4 gallb
&8 galfib 4.6 galfio
38 gallb 1.1 galib
7.8 gal/gal 0.4 gavgal
54,500 galfton 2,800 galfton
4,001 gal/ton 701 galfton
8,451 galten 1,277 galiton
3.9 galflb 0.9 gal/lb
289 gal/bb! 28 gal/bbl
153 galitire 14 galitire
830 galton 150 galfion
38,200 galfton 1,400 galion
3,030 galiton 260 galiton
17 galflb 4,1 gallx
12 galflb 0.2 galib
11,464 galicar 848 galicar

7-143

e ——— T

Discharge by

Unit of
Production

2.1 galllb
9.8 gak/bird
0.48 galb
46 calfcase
8,9/gallb
205 gal/bu
17,300 galfton
10,700 galfton
330 gal/bb!
12.8 gallo
2,7 galfod it
36,200 gaifton
3,600 galfton
21,800 galton
193 gaW/met
47,800 galiton,
4,300 galion
6.1 gavlo
5,1 gallb
53 galib
37 galfio
7.4 galfgal
51,700 galfion
3,293 galfton
7,184 galiton
3.1 galib
261 gal/bll
139 galitive
680 galfton
36,800 gal/ton
2,760 galfton
13 galib
i1.8 gatlo
10,814 galfcar

-
iy, J. Am. Water Works Assoc., vol. 72, -
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WATER USE 7-181

Table 7G.62  Water Recycling in the 20 Plants with the Highe
in the United States, 1970

D
Gross Water Me.
industry Use? Intake® &
s 2,
peat packlng plants 49,732 20.336 z b
Poltry dressing 3.473 1,890 1.7
FLuid milk 8,118 0.858 9.45
Ganned frult and vegetables T 10,673 3419 a1z
Erozen frutt and vagetables 17.353 9.259 1.87
wat corn milling 53.086 32,109 1,68
Beet sugar 58,949 16.829 3.50
Malt liquors 84,350 12.675 5.08 .
shortening and cooking ofls 48,106 5.425 8.87 Vi 8.
Cigarsttes 60,765 2,202 26.51 3. 15,3, N
Weaving mills, cotton 74.239 1,186 62.64 265.31 64.25 £7.99
Weaving mills, synthetles 88.114 0.717 122.89 558,26 111.27 48,53
weaving and finishing, wool - 19.163 2.637 - 7.27 93.44 24,18 ' . 1148
Pulp mills 713.440 208,179 3,43 757 a.84 1.41
papermills, except building T23.008 71.057 10.18 76.54 . 8.96 6.06
paper
Paperboard mills 272.670 14.515 18.79 50,00 14.68 ) 8.22
Alkalis and chlorine 168.798 87.167 2.29 25,11 1.79 112
Indusirial gases 141.450 1.490 94.93 57.80 84.83 46.23
Cyelic intermediate and 327.354 55.445 5,90 160.00 13.45 2.24
crudas ’
Inorganic pigmenis 120.387 50.222 2.40 15.22 1.63 1.1
Industrial organic chemicals 952,830 35.142 27.40 48.18 23,20 15.80
Industtial inorganic 505,918 16.670 30.35 70.95 30.1¢ 23.81
chemicals ' ‘
Plastic materials and resins 704.229 5,131 187.25 813,60 27.537 13.81
Cellulosle man-made fibers 208.801 48.088 R 4.36 20.83 4.30 1.37
Organic fibers, noncellulosic. 392.335 151.969 2.58 28.06 2.52 1.18
Pharmaceutical 70.621 15.388 4.59 104.73 7.38 1.11
preparations
Fertilizers 282,251 23.373 12.08 90.60 9.72 245 .
Petroteumn refining 2,026.521 30.221 87.08 251,08 44.08 34.36
Cemant, hydraulic 20.868 4.320 4,83 97.35 2.58 1.77
L Blast furnaces and sigsl 394.549 29.050 13.58 95.13 18.66 6.76
mills '
Electromatalturgical 22,732 1.827 i2.44 85.81 25.64 5.07
products )
Gray iron foundarles 35.308 10.254 3.45 15.23 2.86 1.82
Primary coppet 78,473 33.218 2,36 .85 2.23 118
Pritnary aiuminum 65.519 16.723 4,17 10,10 3,60 1.66

2 Billions of gallons per year: 1 bil gal=3.7 GL.
The recycling rate is obtained by dividing gross water uso by intake.

Source: From Kollar, K.L. and MacAuley, P., 1880, Water requiremants for indusirial development, J. Am. Water Works Assoc., vol. 72,
no. 1. Copyright AWWA, Reprinted with permission. .
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SECTION 7H (NDUSTRIAL WATER USE — WORLD

B0 Water ntake in Manufacturing (MCWfyr) by Purpose of Initial Use and Industry In Canada, 1996
#ﬁ#ﬂﬁ

Table 7H o
e
Cooling,
Number of Condensing, Sanitary
industry Group Plants Processing and Steam Services Other Total intake %
e _,_.__r______ﬂ__—-——-__,__._.__,__.____aﬂﬂ——,_«__m._,__ﬁ__
Food 1,264 128.6 107.3 27.8 58 269.5 45 .
Beverages P21 28.4 29.0 46 1.4 73.1 1.2
Rubber products 95 3.6 77 0.8 0.4 i2.3 0.2
Plastic products 486 5.9 59 1.3 0.2 ' 13.3 0.2
primary iextiles 87 15,5 64.6 8.5 0.0 86.7 1.4
Textile products 47 12.8 1.8 0.4 0.1 15.0 0.2
Wood products 454 9.7 24.4 2.2 8.8 45.1 0.7
ogper-+allied preducts 292 1,8475 508.3 49.1 18.4 2,421.3 401
Primary matals 217 557.6 830.1 21.5 13.8 1,423.0 23.6
Fabricated metals 543 11.3 6.4 1.6 0.1 19.4 03
Transpottation 547 28.5 25.0 114 0.4 65.0 1.1
equipment
Monrmeiallic minaral 726 21.6 44.9 3.6 321 10241 1.7
products ]
Petroleum -+ coal 27 34.4 324.6 49 6.8 370.5 6.1
products
Chemicals +chemicat 509 2209 879.8 10.9 9.7 1,121.3 18.6
products
Tolal 5,508 2,036.3 2,850.6 148.3 ' g5.3 6,037.5 100.0
48.6 47.4 2.4 1.6 100.0

%
P

- —
oh, L., 1996, inclustrial Water Use 1 596, Seharf, D., Burke, D.W., Villeneuve, M.,

Source:  From Scharf, B Burke, D., Villenauve, and Lel
and Leigh, L., Envi ronmental Economics Branch, Environment Canada, 2002, Reproduced with the permission of the Minister of

Pubiic Works and Government Services, 2006,

Table 7TH.80 Water Intake in Manufacturing (MCM/yr) by Source and Industry Group In Canada, 1996

Fresh Water Brackish Water
T
Pubtic self-Supplied Sel-Supplied
Number  Supplied e T T T .
TMM”""" Su r‘mﬂe’ wmm
Food 1,254 118.7 51.8 44,8 3.4 1.8 38.7 0.2 259.3
Beverages 121 49.0 16.1 8.1 0.0 0.0 0.0 0.0 73.1
Rubber products 96 8.2 1.3 2.4 0.5 0.0 0.¢ 0.0 12.3
F'léf.Skic products 482 7.0 48 12 Q.1 0.1 0.0 0.0 13.2
P_Tl'mary taxilles a7 34.6 514 041 0.0 0.1 0.0 0.5 86.7
Texille products a7 13.1 0.0 20 0.0 0.0 0.0 0.0 150
Wood preducts AB4 18.8 6.4 9.5 0.2 0.1 0.1 0.0 45.1
Paper--allied 292 70.4 2,240.0 85.8 45.3 0.0 0.0 0.0 2,421.3
prodiicts
Primelry metals 217 61.2 1,314.0 229 12.8 0.0 124 0.0 14230
Fabricated metals 543 i2.1 6.8 ‘05 0.0 Q.0 0.0 0.0 19.4
Transportation 547 59.5 47 0.7 0.0 0.0 0.0 0.0 65.0
equipment .
Non-metallic - 725 19.5 263 9.9 36.0 0.0 0.4 0.0 102.1
mineral
products
Petrofeum + coal 27 4.4 249.0 2.5 1.3 0.0 102.1 4.2 370.5
procucis
Chemicais+ 599 88,1 240.1 7.2 87.2 0.1 405 01 1,121.3
chemical
products
L‘“ﬁ' _ 5,491 5406 49425 1773 166.8 2.3 193.9 5.0 6,087.4
° : 9.1 81.9 2.9 2.8 0.0 3.2 0.1 100.0

et
Source: From Schari, D., Burke, D., Yillensuve, and Leigh, 1., 1996 industrial Water Use 1996, Schal
and Leigh, L., Environmental Economics Branch, Environment Canada, 2002. Reproduced with
Dublic Works and Government Sewvices, 2008.

o ———
if, ., Burks, D.W., Villeneuve, M.,
the permission of the Minister of

e
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Tab

Incustrys product, and Country

Food products .
aread o pastry, Belgium
Bread, Urited States
pread, Cyprus®
Ganned fuol
Belgium
Fish, canned
Fish, preserved ’
Fruit
Vegetabies
Canada .
Fruits and vegetables®
Cyprus ;
Citrusftomato juica®
Grapefrut sections®
Peaches/pears’
Grapas®
Tomatoes, whole®
Tomato paste’
Peas®
Cartots®
Spinach?
Israef
Citrus fruits®
Vegetahles®
United Siates
Apricots
Asparagus
Beang, green
Beans, ima
Beets, corn and peas
Grapefruit juice
Grapefruit sections
Peaches and pears
Pork and heans
Pumpkin and squash
Sauerkraut
Spinach
Succolash
Tomato preducts
Tomatoes, whole
Mlnsi‘ustry average, fruits, vegetables, and julces (1965)*
ea
Meat freezing, Cyprus®
Meat freazing, New Zealand
Meat packing, United States®
Meat packing, Canada®
Meat products, Belgium
Sausage factary, Finland
Sausage factory, Cyprus®
Slaughtering, Finland
Slaughtering, Cyprus®
Meat preserving, 1srasl®
Fish
Fresh and frozen fish, Canada®
Canned fish, Canada®
Canning and preserving fish, lsraol®
Poultry
Poultry, Canada®
Chickens, Istael®
Chickens, United States®
Turkeys, United States®
Milkk and Milk Products
Butter

New Zealand®

je 7H.93 \Water Requirements for Selected Industries in the World

Unit of Product
{Ton, Except as Specified)

Ton of raw citrus

Ton of carcass
Ton of prepated meat

Ton of carcass
Ton of preparad meat

Ton, live weight
Ton of carcass
Ton of prepared meat

Ton of raw fish

Ton

Ton of dressed chicken

Perbird
Per bird

Water Required
per Unit (L}

: 1,100
2,100-4,200
600

400

1,500

15,000
8,000-80,000

10,000-50,000

2,800

16,000
10,000-15,000
30,0G0

2,000

21,000

10,000

16,000

30,000

4,000
10,000-15,000

24,200
20,600
9,300
69,800
7,000
2,800
15,800
18,100
' 9,300
7,000
950
49,400
34,800
20,500
2,200
24,000

500
3,000-8,600
23,000
8,800-34,000
200
20,000-35,000
,000
4,000-9,000
10,000

10,000

30,000--3C0,000
58,000
16,000-20,000

6,000--43,000
33,000

25

75

20,000

e
(Continied)

e
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3. US EPA, Technology Transfer Seminar Publication Pollution Abatement in the Fruit and
Vegetable Industry. Volume 2: In Plant Control of Process Wastewater. July 1977. (EPA
1977)
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Figure 111-1. Generated wastewater, average and 95% limits.
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Figure 111-2. Generated BOD, average and 95% limits.
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Table 111-1—Wastewater and generated pollution loads by commodity

Wastewater BOD TSS
1000 gallons/ton pounds/ton pounds/ton Temp.] pH
ave 95% limits ave 95% limits ave 95% limits ave ave
Apple 3.2 .2 17 22 4.4 64 6.3 .6 30 64 5.6
Apricot 4.9 1.1 14 45 17 98 9.9 4.0 22 76 8.0
Asparagus 8.6 1.4 31 5 .6 26 7.5 4 13
Dry bean 9.8 1.1 44 75 16 238 59 {2 130)2 6.8
Snap bean 4.7 1.1 14 20 7 116 7.0 3 63 70 7.3
Beet 4.0 .8 12 44 5 217 26 2 116 7.9
Berry 3.5 4 16 24 5.2 77 | 16 {1 57)°
Broccoli 8.8 1.6 32 16 2.1 b4
Cauliflower | 11 (1.7 23)® 18 (2 49)®
Carrot 4.0 .8 13 31 9.6 80 17 2.0 72 63 8.7
Cherry 4.8 4 27 15 2.4 75 .8 (.5 1)8
Citrus 4.3 4 16 16 (1 452 6.0 (2 100%| 79 6.5
Corn 1.9 3 6.2 27 4.8 o1 12 2.1 44 77 5.6
Grape 2.8 3 13
Lima 7.3 1.4 24 58 6.0 240 50 2.7 332
Mushroom 9.6 1.7 33 20 8.8 40 10 4,2 22
Okra 5.0 1.3 15
Onion 6.8 (.2 17)2
Pea 4.7 1.2 13 38 13 88 12 1.3 67 70 6.0
Peach 3.0 1.1 6.8 45 13 116 9.1 1.8 30 72 9.6
Pear 3.9 1.6 8.4 44 8.6 147 8.7 1.7 29 7.0
Peppers 4.6 9 16 32 (5 50)* | 58 (1 170)®
Pickle 4.6 .8 19
Pineapple 1.7 16 7.4 31 9.9 3.5 24 92 6.8
Plum 4.9 4 23 11 (3 19)® 4.4 (.3 11)8 6.8
Potato 43 1.2 11 52 19 120 44 3.8 250
Pumpkin 2.9 4 11 32 9.2 87 6.7 (2 12)°® 6.3
Sauerkraut 1.4 A 6.9 6.0 .9 24 .6 65 6.4
Spinach 7.3 1.5 23 13 3.6 37 4.6 1.7 11
Sprouts 101 (4.8 200 | 25 (5 75)°
Squash 6.0 1.1 22 20 14
Sweet potato| 4.0 .3 23 60 24 130 34
Tomato 1.7 4 5.2 8.6 20 26 8.4 3 66 79 7.9
Turnip 7.3 2.4 18

8 | imits” in parentheses are reported maxima and minima,

PREPARATION PROCEDURES AND EQUIPMENT

PRODUCT STYLE

The kind of products made from a given commodity influences the amount of wastewater
and the generation of pollutants. An example of this influence is found in figure III-3, in which
the generation of BOD is compared to the percentage of peeled style tomatoes; on the average,
the more peeling, the more BOD. The relationship is highly significant in spite of the wide
probability limits. In a recent study, slicing apples, slicing snap beans, peeling tomatoes, and

27




4. US EPA, Office of Water and Hazardous Materials. Development Document for Interim
Final and Proposed Effluent Limitations Guidelines and New Source Performance
Standards for the Fruits, Vegetable and Specialties Segment of the Canned and
Preserved Fruits and Vegetables Point Source Categories. October 1975 (EPA 1975)



TABLE 7
Comparison of Raw Waste Loads
From Fruits, Vegetables and Specialties

INDUSTRY SEGMENTS

FRUITS VEGETABLES SPECIALTIES
Average
Water Usage
cu m/kkg 10.86 22.91 15.17
(gal/ton) (2586) (5u54) (3612)
Average
BODS
kg/kkg 11.8 13.0 14.8
(1b/ton) (23.95) (26.0) (29.6)
Average
TSS
kg/kkg 2.2 6.6 14.3
(1b/ ton) (4.4) (13.1) (28.5)

172
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5. a. CA DWR. Bulletin No. 124-3 “Water use by Manufacturing Industries in California
1979.” 1982. (DWR 1982)





















5. b. CADWR, Bulletin No. 124-2 Water Use by Manufacturing Industries in California
1970). March 1977. (DWR 1977)
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