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December 11, 2015 
 
 
Subject: Kirtland Air Force Base Bulk Fuel Facility Mid-Plume Pump and Treat System Basis of 

Design – Addendum #1 

 
This Kirtland Air Force Base (KAFB) Bulk Fuel Facility (BFF) Basis of Design Addendum #1 has been 
prepared by CB&I Federal Services LLC (CB&I) for the U.S. Army Corps of Engineers (USACE), 
Albuquerque District, under Contract No. W912DY-10-D-0014. This document supplements the Work 
Plan (USACE, 2014) and Final Basis of Design (USACE, 2015) for the full-scale Groundwater Treatment 
System (GWTS) by describing the procedure that will be followed during the start-up of GWTS to 
control pH of the effluent water as the granulated activated carbon (GAC) equilibrates with the water 
passing through it.  

pH Adjustment of Initial Activated Carbon Effluent Water 

When most GAC units are initially put on-stream in water treatment systems, the pH of the GAC effluent 
will typically increase by about 1 pH unit, with the extent and duration of the pH increase dependent upon 
the water quality (Calgon, 2015; DESOTEC, 2015). The rise in pH is due to the carbon’s adsorption of 
chlorides, sulfates, nitrates, and other anions from the water (TIGG, 2015). Water pH remains elevated 
until the carbon’s adsorptive capacity for these compounds is used up. 

The pH of groundwater from extraction well KAFB-106228 has ranged from 7.44 to 8.61, with an 
average of 8.13 and standard deviation of 0.33 since June 28, 2015. During GWTS start-up, this 
phenomenon will raise the pH of the initial GAC effluent close to, and possibly over, the pH discharge 
limit of 9. The New Mexico Environment Department Groundwater Quality Bureau Discharge 
Permit 1770 requires the discharge pH to fall between 6 and 9. According to the carbon vendor, this 
elevated pH will last until approximately 200 bed volumes of water have passed through the GAC vessels 
at the GWTS.  Therefore, a total of approximately two million gallons of effluent groundwater from the 
treatment system will require pH reduction prior to discharge (see calculation in Appendix A), which will 
take approximately 14 days or two (2) weeks of operation at 100 gallons per minute (gpm).  

The pH adjustment will be accomplished by adding National Sanitary Foundation (NSF) certified 20° 
Baume hydrochloric acid (32% HCl) solution to control the pH of the effluent water. Using the Rothberg, 
Tamburini and Winsor (RTW) Model 4 the acid dose of 51 milliliters (ml) of acid per 1,000 gallons of 
treated groundwater will be sufficient to keep the pH below 9 (Tetra Tech 2011; see calculation shown in 
Appendix A). At a groundwater feed rate of 100 gpm, the acid addition rate will be 306 ml per hour or 
2 gallons per day at the beginning of water flow through the GAC (Tetra Tech 2011; see calculation in 
Appendix A), with the acid addition rate tapering off as anions adsorb to the GAC. If the groundwater 
feed rate increases from 100 gpm to 400 gpm, the acid addition rate will increase appropriately.  

The pH adjustment system will add acid to the treated groundwater storage tank (TK-116), as shown on 
Figure 1. The acid addition system will continuously inject the required dose of HCl into tank TK-116 
using a chemical metering pump. The metering pump will be a small solenoid-driven diaphragm pump. 
The HCl will be pumped from a 55-gallon plastic drum into an injection stinger inside of TK-116. A steel 
flange with a 2” x 24” length polyvinyl chloride (PVC) tubing guide will be inserted through a spare 
upper side wall nozzle in TK-116. The tubing guide will ensure that the tubing carrying acid is away from 
the tank wall. Acid transfer tubing will be inserted through the guide, extending a short distance past the 
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end of the guide pipe. The transfer line will include a spring-loaded check valve at the point of injection 
inside the tank and a shut-off valve near the metering pump. Figure 1 illustrates this system.  

The chemical metering pump will be digitally controlled such that the acid flow rate can quickly and 
accurately be adjusted by the GWTS operator. The effluent pH will be measured twice daily, or more 
frequently, and the HCl addition rate will be adjusted as needed. Since the groundwater composition 
should not vary on a day-to-day basis and there is sufficient carbonate buffering relative to the amount of 
acid being added, the acid addition rate and pH of the groundwater after acid addition should be very 
stable. The acid pump will be controlled by a relay in the GWTS Programmable Logic Controller (PLC) 
that is tied to the groundwater treatment feed pumps (P-112A/B). The acid pump will be active only when 
the discharge pumps are running, and if any part of the system shuts down (from the extraction well 
pumps to the point of discharge), the discharge pump will automatically shut down. This will prevent 
addition of acid to TK-116 when any part of the GWTS is not operational. The acid pump will be located 
near the acid drum, both of which will be within their own secondary containment. All tubing, valves and 
pump materials having contact with acid will be constructed of PVC, Kynar (PVDF), Teflon, Viton or 
ceramic. 

As noted above, the pH increase due to the fresh carbon will dissipate after approximately two (2) weeks 
of operation at 100 gpm. When acid addition is no longer required, the acid pump and tubing will be 
flushed with 10 gallons of clean water, drained, and stored for future use. If needed, remaining acid will 
be properly disposed of offsite.  
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APPENDIX A 

Estimation of Acid Dose for pH Control of 

GWTS GAC Tank Effluent during System Startup 

 



Appendix A - Calculation

Assumptions 

2) Bulk density (loaded) of Tigg 5DC 1240 NSF carbon is 29 to 30 lb/ft3, use 30 in calc. 

3) Each adsorber is loaded with 20,000 lbs of carbon

40,000 lb Carbon ft3 7.48 gal
30 lb C ft3

Carbon Bed Volume = 9973 gallons of carbon

Calculate total volume of water requiring pH adjustment

9973 gal 200 Bed Volume
Bed Volume

Calculate Run Time (days) for acid addition

Run Time = 1,994,600 gal min hr day
100 gal 60 min 24 hr

Run Time = 13.9 days

Estimation of Total Volume of Water Requiring pH Adjustment

Carbon Bed Volume =

Total Water Volume =

Total Water Volume =

1) Carbon vendor expects that pH increase effect will last for 200 bed volumes.

Calculate total volume of carbon in both carbon beds.

1,994,600              gallons



Appendix A - Calculation

Assumptions 

2) Carbon supplier expects pH increase of 1 pH unit with fresh coconut shell carbon. 

3) Use a pH of 9.1 as basis for calculating acid dose required to get pH back under 9

Acid Dose Conversion from 5 mg/L of 100% HCl to ml of 32% HCl/1000 gal  

Dose = 5 mg 3785 L 100% ml 1 g
L 1000 gal 32% 1.16 g 1000 mg

Dose = 51 ml
1000 gal

Acid addition rate at 100 g

Acid rate = 100 gal 60 min 51 ml = 306 ml
min hr 1000 gal hr

Acid rate = 306 ml 24 hr 1 gal = 1.94 gal
hr day 3785 ml day

Check for potential to over shoot acid addition and drop pH below 7

Specify metering pump with max capacity of 5 gallons per day, so that pump does not have the capacity to 
overdose with acid. 

Estimation of Acid Dose for pH Control of  GAC Tank Effluent during System Startup

1) Based on average pH of groundwater from  228 fed into TTS, pH into carbon is 8.1.

4) Base calculations on using 20 degree Baume NSF grade hydrochloric acid (32% w/w HCl) to adjust pH 
of groundwater leaving carbon beds.  Spec for Brenntag NSF acid is attached.

Use RTW 4 spreadsheet to calculate acid dose required to drop pH below 9.  spreadsheet printouts 
attached. (RTW4-Rothberg, Tamburini and Winsor Model for Corrosion Control and Process Chemistry, 
AWWA 1996)

*** RTW4 results show that an acid dose of 5 mg/L of 100% HCl will reduce pH from 9.1 to 8.4

*** RTW 4 (high dose) shows that a dose of 18 mg/L or almost 7 gallons/day  (over 3X design rate) will 
result in a pH of 7. 



DESCRIPTION

TIGG 5DC 1240 NFS is a coconut-based activated carbon specially designed to remove 
low concentrations of contaminants in potable water applications. This activated carbon 
combines high microporosity and high surface area to permit effective removal of THMs, 
chlorinated hydrocarbons and other contaminants.

TYPICAL PROPERTIES TIGG 5DC 1240 NSF
U.S Sieve, 90 wt% min 12 x 40
Iodine Number, mg/g, min 1100
Apparent Density, (dense packing)

g/cc 0.48 - 0.50
lbs/ft3 29 - 31

Total Surface Area, m2/g 1150 - 1200
Ash (ASTM-2866), % w/w 3.0
Abrasion No. - min 85

TYPICAL APPLICATIONS

In TIGG liquid phase potable water treatment equipment, TIGG 5DC 1240 NSF will effectively 
remove organics listed above as well as chlorine, phenols, pesticides, taste & odor, etc.  
TIGG 5DC 1240 NSF meets AWWA Standard B-600-74, ANSI/NSF Standard 61 for drinking water 
applications.

Standard packaging of the activated carbon is in 1000 pound supersaks.

Wet drained activated carbon adsorbs oxygen from the air. Therefore, when workers need to enter a vessel containing 
wet activated carbon, they should follow confined space/low oxygen level procedures.  Activated carbon dust does not 
present an explosion hazard. 

TIGG 5DC 1240 NSF
Virgin Liquid Phase Coconut Based Activated CarbonIGGT

www.TIGG.com

800-925-0011
www.TIGG.com

www.TIGGtanks.com

TIGG Corporation
1 Willow Avenue
Oakdale, PA 15071

TIGG Corporation
Purifying Air & Water





The RTW Model Ver. 4.0 ID: KAFB-106228 GWT Gibson - low acid dose

STEP 1:  Enter initial water characteristics. STEP 2:  Enter amount of each chemical
Measured TDS 265 mg/L     to be added (expressed as 100% chemical).

Measured temperature 20 deg C     Press Ctrl+C to select chemicals for this list.
Measured pH 9.1     Calcium hypochlorite 0 mg/L     

Measured alk, as CaCO3 109 mg/L     Caustic soda 0 mg/L
Measured Ca, as CaCO3 97 mg/L     Chlorine gas 0 mg/L     

Measured Cl 14 mg/L     Hydrochloric acid 5 mg/L     
Measured SO4 37 mg/L     Lime (slaked) 0 mg/L     

For CT and TTHM functions enter current: Soda ash 0 mg/L     
Treated water pH      Sodium bicarbonate 0 mg/L     
Chlorine residual  mg/L     Sodium hypochlorite 0 mg/L     
Chlorine or hypochlorite dose Sulfuric Acid 0 mg/L     
        as chlorine equivalent  mg/L     Magnesium hydroxide 0 mg/L     

STEP 3:  Adjust at Step 2 until interim water characteristics meet your criteria.
Theoretical interim water characteristics Desired Theoretical interim water characteristics Desired

Interim alkalinity 102 mg/L > 40 mg/L Interim pH 8.35 6.8-9.3
Interim Ca, as CaCO3 97 mg/L > 40 mg/L Precipitation potential 5.92 mg/L 4-10 mg/L

Alk/(Cl+SO4) 1.8 > 5.0 Langelier index 0.58 >0
Press PAGE DOWN for additional initial, interim and final water characteristics if desired.

Calculated initial water characteristics Theoretical final water characteristics
Initial acidity 94 mg/L after CaCO3 precipitation

Initial Ca sat, as CaCO3 5 mg/L Final alkalinity 96 mg/L
Initial DIC, as CaCO3 203 mg/L Final Ca 91 mg/L

Final acidity 101 mg/L
Theoretical interim water characteristics Final pH 7.83

Interim acidity 101 mg/L Final DIC, as CaCO3 197 mg/L
Interim Ca sat, as CaCO3 26 mg/L

Ryznar index 7.19
Interim DIC, as CaCO3 203 mg/L           Press PAGE UP to review measured
Aggressiveness Index 12.35           initial water characteristics, chemical

          addition quantities and additional
CT and TTHM Results           interim water characteristics.
Required chlorine residual to maintain current level of
                         giardia inactivation N/A mg/L
Estimated maximum total trihalomethane concentration change from current level N/A %

pH from Carbon
(note 1)

Acid Dose
(note 2)

pH after acid
addition (note 3)

Notes:
1) pH from carbon expected to be 9.1 based on initial pH from wells of 8.1 and 1 pH
unit increase through carbon.

2)The hydrochloric acid (HCL) dose is 5 mg/L (100% acid).

3) The pH of the water after acid addition is 8.35.
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APPENDIX B 
 

Acid Injection System Pre-Operation Checklist 
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Acid Injection System Pre-Operation Checklist 

1. Ensure Proper PPE is worn:  

a. Safety goggles 

b. Face Shield 

c. Rubber Apron 

d. Rubber Gloves 

e. Long Sleeve Shirt and Pants 

2. Ensure that pump, valves, and HCl drum are within the chemical containment berm. 

3. Unplug pump from power source if any repairs are needed on pump/tank connections or tubing. 

4. Remove bung on HCl drum with drum wrench. 

5. Drill hole through bung and insert suction tubing with foot valve through drum bung hole. 

6. Check nut and ferrule on suction line inlet to pump and discharge line to GAC tank for tightness.  

7. Bypass/priming line should be inserted back into drum bung hole (minimum 12” below acid 

surface to prevent spraying). 

8. Check discharge tubing for kinks or other damage. 

9. Check connection at tank for tightness. 

10. Check control/signal connections are secure on pump face. 

11. Plug pump cord into designated receptacle. 
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APPENDIX C 

Hydrochloric Acid SDS and Spec 
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