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DESIGN SUMMARY MEMORANDUM (DSM)  

 

CLIENT: 
City of Decatur  
City Project Number: 2022-02 

Project Name: Project 3 – Chemical Feed System Improvements 

Facility: 
South Water Treatment Plant 
1155 South Martin Luther King Jr Dr., Decatur, IL 

Consultant/Engineer: 
Crawford, Murphy & Tilly, Inc. (CMT) 
CMT Project Number: 22004438.00 

CMT Project Manager: 
William H. Peffley, P.E. 
Direct Telephone: 217-572-1053 
e-mail: wpeffley@cmtengr.com 

Subject Bulk Lime Storage and Feed System 

Distribution: 
City: Decatur Project Staff 
CMT: WHP, WAB, RTB,  
Others upon request or identified by City’s/CMT’s Project Managers 

 

 
Introduction: 

The purpose of this Design Summary Memorandum (DSM) is to outline and discuss the general 
pros and cons (as they only apply to bulk Lime storage and feed system) for the WTP to: 

a) Convert and upgrade the 1988 constructed bulk pebble lime storage and slaked lime feed 
system to a bulk hydrated lime storage and onsite high-density make-down and lime feed 
system, or 

b) Continue using the bulk pebble lime storage silos, replace the current slakers in kind and 
thus, continue to slake pebble lime onsite into a low-density lime slurry. 

 
 
Summary of Recommendations: 

This memorandum recommends to the City the following design criteria guidance: 
• Decommission and abandon the existing pebble lime bulk storage and slaked lime 

feed system that produces a ten percent (10%±) low-density lime slurry, and 

• Install and commission a new bulk hydrated lime storage and high-density (35%±) 
lime feed slurry system. 

The proposed high-density option has the upside potential to provide a robust, low maintenance 
and process efficient lime feed system which will potentially reduce (on per million gallons treated 
basis) the amount of lime slurry residuals generated in either the existing two-stage treatment 
tarin and new single-stage treatment trains. 
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Should this design recommendation be accepted, it will be used in preparing the thirty percent 
(30%) preliminary design plans and associated opinion of probable construction cost.  As the 
design process proceeds, specific design details may be revisited, revised and/or reaffirmed with 
the City. 
 
 
Background and Objective: 

The bulk lime storage and lime feed system equipment are located in the main Chemical Feed 
Room and they are a critical component of the South WTP operation.  In addition to being the 
primary water treatment softening agent, the system should be one of the most reliable chemical 
systems onsite. 
 
When the South WTP began operations in 1988, the originally installed bulk pebble lime storage 
and lime slaker feed system was considered “State-of-the-Art” for medium and large sized WTP 
facilities.  Over the years, the original slakers were upgraded in-kind and today continue to 
produce a low-density lime slurry.  In the mid-1990s, high-density lime slurry began to be 
introduced into small treatment facilities.  With the passage of time, high-density onsite hydrated 
lime make-down systems have become a proven and reliability technology for use in water 
treatment.  When a major lime feed system improvement project is being evaluated today for 
medium to large facilities, a high-density lime system has become a viable option to consider. 
 
System Description & Pros and Cons: 

For the proposed design improvements, the following two paragraphs summarize the system 
description and the pros and cons of the two bulk lime storage and feed systems options being 
considered. 
 

A. Bulk Pebble Lime Storage and Slaked Lime Slurry Feed System: 
 
As mentioned above, the South WTP uses a pebble lime (quicklime) bulk storage and 

slaked feed system that produces a ten percent (10%±) low-density lime slurry.  The 

pebble lime slaking systems are usually prone to issues such as: 

1. Depending on the source of supply, pebble lime will have different slaking 

characteristics. 

2. The slaking process is sensitive to the water to lime ratio and slaking temperature. 

3. Requires grit removal during the slaking process.  Grit must be disposed of offsite. 

4. Slakers are not well suited to intermittent operation.  They perform best when 

operated continuously.  If raw water pumps are stopped, the lime lines must be 

flushed to eliminate plugging. 

5. When intermittent operation is required, slurry holding tanks and/or recirculation 

loops are required in most cases. 

6. Slakers are limited in the amount of turndown to accommodate changing and 

minimum facility water production while maintaining their optimum water to lime 

ratio and slaking temperature. 
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7. Requires more maintenance and cleaning than a high-density lime system. 

8. Produces more slurry residuals that must be disposed of. 

9. Scaling of the pipes, troughs, slakers, etc. is a big issue for pebble lime slaking 

systems. 

 

B. Bulk Hydrated Lime Storage and High-Density Lime Slurry Feed System: 
 
Hydrated lime is dry powder derived from pebble lime with which enough water is added 
to satisfy its chemical affinity for water under the conditions of hydration.  During this 
hydration process, the grit and impurities are removed and hence the delivered product is 
essentially all (100%) active calcium hydroxide with high surface area.  Onsite high-density 
liquid lime is derived from hydrated lime.  Depending on the local characteristics of 
available hydrate’s, finished water is added to make a 30% to 40% by weight high-density 
hydrated lime slurry suspension.  Once fully wetted, this slurry can maintain its suspension 
for up to 14-days without additional mixing and can be directly fed into the primary solids 
contact softening clarifier.  Hydrated high-density lime slurry suspension has the following 
advantages over low-density slaked pebble lime: 

1. The high-density slurry system can be designed with as high as a 50 to 1 turndown 
ratio using a single size of feed piping and controls, for a wide range of water 
production. 

2. The control process can be fully automated and monitored through the facility 
SCADA system. 

3. The high-density lime slurry can be pumped one direction to the point of use.  
Operating and maintaining return slurry or recirculation loops are not required. 

4. High-density lime slurry systems do not scale, which increases reliability and 
reduces maintenance costs while allowing the facility to maintain water quality. 

5. The system can operate intermittently at any time without being concerned about 
plugging the slurry feed lines. 

6. The metering pumps can be stopped for up to 3-4 days without flushing the system. 
7. Aging high-density lime slurry increases chemical efficiency by increasing surface 

area through de-agglomeration. 
8. If desired, the aging tank can be sized to hold a backup supply of high-density 

slurry to allow the facility to operate while maintenance is completed. 
9. In general, pumps, piping, valves, and the aging tank can be greatly reduced in 

size, utilizing a smaller footprint. 
10. Between 25% to 30% less plant water is needed to make up high-density lime 

slurry. 
11. Since the grit and impurities are already removed, there is zero waste to dispose 

of or landfill. 
12. A dry loss-in-weight feeder is typically used to monitor the slurry flow stream.  In 

some cases, Coriolis mass flow meters have been used since scaling is not an 
issue. 
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Conceptual Budget & Present Worth Differential 

The following combined “Conceptual Budget & Present Worth Differential” table lists the major 
and/or significant item differences between the bulk pebble lime storage/low-density slaked lime 
slurry feed and the bulk hydrated lime storage/high-density lime slurry feed systems where there 
is a conceptual and present worth budget costs difference between in the two systems. 
 

Major and/or 
Significant Item 

Lime Feed Systems 
Conceptual Capitol 

Budget Cost 
Differentials 

Bulk Pebble Lime 
Low-Density Slaked 

Lime Slurry Feed 

Bulk Hydrated Lime 
High-Density Lime 

Slurry Feed 
Total Total 

General Lime Demolition 
Same costs for both systems. Zero Differential 

Silo Modifications 

Lime Slurry Equipment, 
4-units FOB Job Site. 

$1,330,800 $2,510,100 
$1,179,300 higher for 

high-density slurry 

Installation, Testing and 
Commissioning of Lime 
Equipment Systems 

$1,638,953* $2,445,998* 
$807,045 higher for 
high-density slurry 

Conceptual Budget 
Capital Differential 

$2,969,753* $4,956,098* 
$1,986,345 higher for 

high-density slurry 

20-Year Present 
Worth Values Used 

 

South WTP 
Maintenance Labor 

5280-hours 312-hours 
4,968-hours higher for 

slaked lime slurry 

Power 43,948 kW-hrs 61,864-kW-hrs 
17,916-kW-hrs higher 
for high-density slurry 

Parts $26,000 $4,000 
$22,000 higher for 
slaked lime slurry 

3rd Party Labor $8,500 $1,000 
$7,500 higher for 
slaked lime slurry 

Lime Efficiency -5% +10% 
15% higher for 

high-density slurry 

Lime Costs $312.23 per ton $324.23 per ton 
$12 higher for 

high-density slurry 

Lime 5,000 tons 5,750 tons 
750-tons higher for 
high-density slurry 

Annual Inflation 
Adjustment 

3% per year 

Zero Differential Initial Power Costs 
(3% inflation adjustment 

every 3-years) 
$0.04684 per kW hour 

Total for 20-Year Present 
Worth Costs 

$37,806,138* $34,450,224* 
$3,355,914 lower for 

high-density lime slurry 

Totals Rounded $37,806,000* $34,450,000* 
High-Density Lime 
Slurry Lower By 

$3,356,000 
Note: * Includes a 20% construction contingency. 
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Summary: 

Based on the numerous advantages listed in the above “System Description & Pros and Cons” 
section, and the information presented in the “Conceptual Budget & Present Worth Differential” 
table, it is CMT’s opinion that if the budget allows, the City should: 

a) Decommission and abandon the existing pebble lime bulk storage and slaked lime feed 
system that produces a ten percent (10%±) low-density lime slurry, and 

b) Install and commission a new bulk hydrated lime storage and high-density (35%±) lime 
feed slurry system. 

 
 
References: 

The following are publications and industry references consulted in preparing this Design 
Summary Memorandum. 
 

• AWWA Standard B202, Quicklime and Hydrated Lime 
• Bulletin 211 “Hoover’s Water Supply & Treatment” National Lime Association 
• Bulletin 213 “Lime Handling, Application and Storage” National Lime Association 
• Handbook of Public Water Systems, 2nd Ed. 
• Principles of Engineering Economy, 6th Ed. 
• Vendor Information from: 

 Wallace & Tiernan (Evoqua) 
 Merrick Industries, Inc. 

 
 
 

******** 
End of Summary Memorandum 
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