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� LIMITATIONS





EARTH TECH prepared an opportunity assessment for pesticide reduction at Wright-Patterson Air Force Base (WPAFB), Ohio, presenting recommendations to help the base meet the Department of Defense (DoD) goal of 50-percent reduction in pesticide use from fiscal year (FY) 93 to FY 2000.  Comments from the base on the draft opportunity assessment were incorporated in the final document, and the recommendations briefed to the Commander, 88 Advanced Bomb Wing.  Subsequently, HQ AFMC/CEVC identified the alternatives to be presented in this Management Action Plan (MAP) for implementation by base personnel.  After reviewing the Draft MAP, the base elected to defer implementation of portions of three of the selected alternatives.  Implementation of the following recommended measures will be deferred and reevaluated for FY 98:  



Use of Envirocaster® disease prediction model and Reveal® soil test kits to help reduce application of fungicides on the golf courses



Use of beneficial nematodes to reduce use of insecticides to control Japanese beetle larvae on the golf courses



Use of beneficial nematodes to reduce use of insecticides to control cutworms on the golf courses.  



Failure to implement all of the alternatives recommended in this final MAP may prevent WPAFB from meeting the DoD goal for reduction of pesticide use.
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� 1.0	PROCESS



The Department of Defense (DOD) has established three Measures of Merit (MOM) for pest management at its installations (Memorandum from the Office of the Under Secretary of Defense, dated 23 September 1994).  MOM 2 sets a goal of 50�percent reduction in the amount of pesticides used at DOD installations by fiscal year (FY) 2000, compared to baseline use in FY 93.  Headquarters, Air Force Materiel Command (HQ AFMC) requested that an opportunity assessment (OA) be prepared for reducing the use of pesticides at Wright-Patterson Air Force Base (WPAFB), Ohio, in order to help the base meet the reduction goal.  Results of the OA and recommended alternatives were presented to the WPAFB Wing Commander.  This Management Action Plan (MAP) describes the actions required to implement the alternatives selected by the base.  Details of the alternatives are based on information presented in the OA, and information provided by Civil Engineering (88 CEG/CEOG), Environmental Management (88 ABW/EM), and golf course management (88 SPTG/SVBG) personnel.



Pesticide reduction is being implemented as part of the overall pollution prevention program at WPAFB.  The pollution prevention process is outlined in Figure 1-1.  This section describes the initial and recurring management actions needed to implement the pesticide reduction program at WPAFB.  It identifies offices of primary responsibility (OPRs) for each action, and identifies dates of estimated and actual (when known) completion for each step.



Figure 1-1.  The Pollution Prevention Process

�

� EMBED Word.Picture.6  ���



1.1	POLICY



Although not specifically identified as part of the Air Force Pollution Prevention Program, pesticide reduction should be incorporated as part of the pollution prevention program at WPAFB.  Responsibility for day-to-day implementation of pest management practices is the responsibility of 88 CEG/CEOG and 88 SPTG/SVBG.  88 ABW/EM provides support as needed, and writes or reviews any contracts involving pesticides.  Overall responsibility for reviewing and establishing the pesticide reduction program should be the responsibility of the Environmental Protection Committee (EPC).  The Base Commander will be responsible for ensuring that the program is implemented appropriately throughout the base.





��Completion Date��Action�OPR�Estimated�Actual��Recommend a structure and process for management of the pesticide reduction program.�EPC�Sept-Oct 96���Identify OPRs for implementation and monitoring of the pesticide reduction program.�EPC�Sept-Oct 96���Identify a process for monitoring and reporting progress of pesticide reduction program.�EPC�Sept-Oct 96���OPR  =  office of primary responsibility��



1.2	BASELINES



DOD MOM 2 specifies that the baseline year for pesticide reduction is FY 93 usage.  Therefore, the FY 93 baseline pesticide usage at WPAFB was used as the basis for calculating the goal, in pounds of active ingredient (AI), for pesticide use in FY 2000.  However, because in some cases, FY 93 was not a representative year, and because base pest management personnel have changed some practices since FY 93, use and management information for FY 94 and FY 95 were also considered in developing alternative practices.  In FY 93, WPAFB applied 4,586 pounds AI in pesticide usage.





��Completion Date��Action�OPR�Estimated�Actual��Establish FY 93 baseline pesticide usage.�88 CEG/CEOGE�Mar 96�Mar 96��



1.3	REQUIREMENT	



DOD MOM 2 calls for a 50-percent reduction in pesticide usage from FY 93 to FY 2000.  This is equivalent to a 7.15-percent reduction in overall pesticide usage each year.  At WPAFB, the amount of pesticides used increased from FY 93 to FY 94, by more than 100 percent.  Although pesticide use at WPAFB decreased from FY 94 to FY 95, the FY 95 total exceeded the FY 93 baseline by 80 percent.  The FY 2000 goal for pesticide use at WPAFB is 50 percent of the FY 93 baseline (4,586 pounds), or 2,293 pounds AI.





��Completion Date��Action�OPR�Estimated�Actual��Establish goal for reduction in pesticide usage for FY 2000.�88 CEG/CEOGE�Mar 96�Mar 96��



1.4	OPTIONS



The OA for pesticide reduction at WPAFB identified and evaluated a number of options for reducing pesticide use for each pest management practice at the base.  Several options were eliminated during the initial screening because they were not cost effective, not feasible, or not yet thoroughly tested and available for use.  The remaining options were evaluated with regard to reduction in AI, cost, effectiveness, environmental impact, toxicity, regulatory concerns, and acceptability.  A suite of options was recommended for the overall pest management program, and presented to the WPAFB Wing Commander in a decision document and briefing in April 1996.



The OA also identified a number of options that are currently in the development or testing stages, but that appear promising and that should be available within the next 2 years.  Base pest management personnel should re-evaluate possible options regularly, as well as evaluate the cost-effectiveness of current practices and new alternatives.  The personnel who use these strategies every day will be the best judges of how effective they are, and how to implement them for maximum benefit.





��Completion Date��Action�OPR�Estimated�Actual��Prepare OA to identify and evaluate options for reducing pesticide use.�88 ABW/EM�Mar 96�Mar 96��Periodically update OA and re-evaluate additional options for reducing pesticide use.�88 ABW/EM

88 CEG/CEOGE

88 SPTG/SVBG�As needed���



1.5	SOLUTIONS



The base selected all but one of the recommended options for implementation.  These selected options are described in this MAP and were selected based on cost-effectiveness, contribution to the required reduction in pesticide usage, and continued mission effectiveness.





��Completion Date��Action�OPR�Estimated�Actual��Develop recommendations for reducing pesticide use.�88 ABW/EM�Mar 96�Mar 96��Brief Wing Commander.�88 ABW/EM�Apr 96�Apr 96��Select most cost-effective options that will achieve reduction goal.�88 ABW/CC�May 96�May 96��Continue to re-evaluate and prioritize options to maintain most cost-effective pest management program.�88 ABW/EM

88 CEG/CEOGE

88 SPTG/SVBG�As needed���1.6	PROGRAM



A draft MAP has been circulated and reviewed by affected organizations on base.  The final MAP, incorporating comments from base reviewers, will be put in place as part of the pest management program at WPAFB.  The Pest Management Plan will be amended, adding the solutions identified through the OA and decision document process and described in this MAP.





��Completion Date��Action�OPR�Estimated�Actual��Circulate Draft MAP for review by affected organizations.�88 ABW/EM�July 96�August 96��Prepare final MAP.�88 ABW/EM�Sept 96���Adopt MAP as part of Pest Management Plan.�88 ABW/EM�Oct 96���Re-evaluate MAP options and implementation strategy as part of periodic updating of Pest Management Plan.�88 ABW/EM�Annually���



1.7	EXECUTION



88 ABW/EM will have responsibility for ensuring that the Pest Management Plan is updated to reflect the practices described in the MAP, and that all practices are implemented in accordance with the plan.





��Completion Date��Action�OPR�Estimated�Actual��Update Pest Management Plan to reflect MAP.�88 ABW/EM�Oct 96���Establish schedule for revising/updating Pest Management Plan.�88 ABW/EM�Oct 96���Implement pesticide reduction projects incorporated in Pest Management Plan.�88 CEG/CEOG

88 CEG/CEOGE

88 SPTG/SVBG�As scheduled in MAP���



1.8	METRICS AND REPORTING



Once the steps to implement the pesticide reduction practices have been taken, it is important to monitor progress and track pesticide usage accurately and consistently to ensure that established goals will be met.  WPAFB has an in-place system for quarterly and annual reporting of pesticide usage.  Pesticide use by the Pest Management Shop (88 CEG/CEOGE) is reported using the Work Information Management System (WIMS) database.  Pesticides used at the golf courses are reported on DD Form 1532.  Pesticides applied by contractors are reported under the terms of the contract.  88 CEG/CEOGE has been the focal point for compiling pesticide use data for the entire base.  Quarterly and annual pesticide use data are reported to HQ AFMC/CEVC.  



Actual reported pesticide use should be compared to use estimated in the MAP and to FY 2000 goals for reduction.  Options should be re-evaluated if reported use significantly exceeds estimated use.





��Completion Date��Action�OPR�Estimated�Actual��Establish review process for evaluating monitoring data.�88 CEG/CEOGE�Oct 96���Prepare quarterly pesticide usage reports.�88 CEG/CEOGE�Quarterly���Prepare annual pesticide usage reports.�88 CEG/CEOGE�Annually���Compare actual pesticide use to use estimated in MAP and to FY 2000 goal.�88 CEG/CEOGE�Annually���Adjust practices as necessary to meet goal.�Various�As needed����

2.0	PROGRAM



This section summarizes the pesticide reduction program and the actions required to implement the projects for the various pest management practices.  The alternative for each pest management practice is described briefly, and the costs, benefits (reduction in pounds AI), actions, office of primary responsibility (OPR), and estimated schedule for completion of the steps required to implement the new practices are presented in table form.



The calculated baseline pesticide usage in FY 93 at WPAFB was 4,586 pounds AI.  Reduction by 50 percent to meet the goal set by MOM 2 would result in application of 2,293 pounds AI in FY 2000.  Table 2-1 summarizes the FY 93 baseline usage, the estimated use assuming implementation of the recommended alternatives, and the estimated reduction in usage from FY 93 (benefit) for each practice.  As the table shows, if WPAFB implements all of the recommended practices, it would exceed the required 50 percent reduction, achieving an estimated reduction of 56 percent.  Recognizing that some practices may exceed the estimated use, this program should still allow the base sufficient flexibility to meet the reduction goal by FY 2000.





Table 2-1.  Pesticide Reduction Benefits (Pounds AI)





Pest Management Practice�Baseline

Usage

FY 93�Estimated

Use 

FY 2000(a)�

Benefit

(Reduction)�Percent of

Total

Reduction��VIP turf areas (herbicides)�329�45�284�11��Bare ground/fence lines (herbicides)�877�509�368�14��Golf course turf (herbicides)�524�484�40�2��Fungicides (golf courses)�1,307�731�576�22��Adult Japanese beetles�55�8�47�2��Japanese beetle larvae (non-golf course)�(c)�18�(c)�NA��Japanese beetle larvae (golf courses)�101�51�50�2��Cutworms (golf courses)�137�13�124�5��Termites (MFH)�261�1�260�10��Miscellaneous(b)�995�159�836�32��Total�4,586�2,019�2,585���(a)	Assumes that all alternatives recommended in this document are implemented.

(b)	Other pesticide uses not addressed in this MAP, including use of Bacillus thuringiensis (Bt) instead of malathion to �		control mosquitoes and termination of lawn care contract.

(c)	No usage in FY 93 because that was the first year the beetles were identified on base.  Use in FY 94 was �		112 pounds AI, and in FY 95 was 138 pounds AI.

MFH  =  military family housing







Table 2-2 shows the estimated costs of the recommended alternatives, compared to estimated current costs for implementing each pest management practice.  Annual costs include material and labor costs. It is anticipated that the cost of materials and labor will increase over the next 5 years.  The increase cannot be predicted accurately, but inflation factors are expected to affect all costs equally.  All costs in this document are presented in FY 96 dollars.  Where implementing a recommended alternative would require a capital cost, it is shown, as is the return on investment (ROI) each year.  Overall annual costs for materials and labor for the WPAFB pesticide program are estimated to decrease by about $7,000, or 3.5 percent; annual costs would increase for some individual practices and would decrease for other practices.  Capital costs ($8,000) would be required only for fungicide use on the golf courses, and ROI should be 100 percent within the first year.



�Table 2-2.  Estimated Pesticide Reduction Costs

�Current

Annual Cost�Cost of Alternative (1000)

in FY 2000(a)�

Change��Pest Management Practice�(1,000)�Capital�ROI�Annual�(1,000)��VIP Turf Area�$35(b)�NA�NA�$59�+$24��Bare Ground/Fence Lines�$17(b)�NA�NA�$14�-$3��Adult Japanese beetles�$9(c)�NA�NA�$17�+$8��Japanese beetle larvae

(non-golf course)�$4(b)�NA�NA�$7�+$3��Golf Course Turf�$12�NA�NA�$15�+$3��Fungicides (golf courses)�$49�$8�100%�$28�-$21��Japanese beetle larvae

(golf courses)�$35(b)�NA�NA�$24�-$11��Cutworms (golf courses)�$9�NA�NA�$7�-$2��Termites (MFH)�$27�NA�NA�$19�-$8��Total�$197�$8�100%�$190�-$7K��(a)	Costs of materials and labor in FY 96 dollars.  Assumes that all alternatives recommended in this document are implemented.

(b)	FY 93 cost data not available; FY 95 data used for comparison.

(c)	FY 93 cost data not available; FY 94 data used for comparison.

MFH	=	military family housing

NA	=	not applicable

ROI	=	return on investment





88 SPTG/SVBG has elected to defer implementation of portions of three recommended alternatives for the golf course, as follows:



A low-Al fungicide will be added to the fungicide regimen in FY 97; use of Envirocaster® disease prediction model and Reveal® soil test kits to help reduce application of fungicides will be deferred.  



A low-Al insecticide will be used to control Japanese beetle larvae in FY 97; application of beneficial nematodes will be deferred.  



A low-Al insecticide will be used to control cutworms in FY 97; application of beneficial nematodes will be deferred.



Pesticide usage in FY 97 will be reviewed and, if usage has not decreased significantly, implementation of the deferred portions of these alternatives will be considered for FY 98.  Table 2�3 presents usage estimates for these three alternatives, showing estimated use in pounds Al for both partial and full implementation of these alternatives.  If the deferred processes are not implemented, the estimated total pesticide use at WPAFB in FY 2000 would be 2,569 pounds Al.  This would represent only a 44 percent reduction from the FY 93 baseline, and would not allow the base to meet the 50-percent reduction goal.  



Table 2-3.  Golf Course Pesticide Use Comparison for Deterred Alternatives

�Partial Implementation�Full Implementation��Alternative�Process�Pounds Al�Process�Pounds Al��Fungicides�Sentinel® only�1,218�Sentinel®, Envirocaster®, and Reveal® test kits�731��Japanese Beetle Larvae�Tempo® only�101�Tempo® and nematodes�51��Cutworms�Merit® only�26�Merit® and nematodes�13��

Table 2-4 presents a comparison of estimated costs for partial and full implementation of the three alternatives.  Full implementation of these alternatives would result in an annual cost savings of $34,693 compared to partial implementation, primarily through reduction in the amount of pesticides that would be applied.  





Table 2-4.  Golf Course Cost Comparison for Deterred Alternatives

�Partial Implementation�Full Implementation��Alternative�Process�Cost�Process�Cost��Fungicides�Sentinel® only�$44,018�Sentinel®, Envirocaster®, and Reveal® test kits�$28,377��Japanese Beetle Larvae�Tempo® only�$41,287�Tempo® and nematodes�$23,632��Cutworms�Merit® only�$8,402�Merit® and nematodes�$7,005��





2.1	Increase in Fertilization and Aeration of VIP Turf AREAS and Decrease in Area Treated, with Spot Treatments



Current Process:  The current management practice consists of applying a "weed and feed" pre-emergent herbicide with a fertilizer mixture (granular) in the spring, and applying a post-emergent herbicide (Strike-3®), a phenoxy mixture containing 2,4-D with other chemicals, as needed in certain areas for the remainder of the season, usually at least twice during the year.  In FY 93, use was lower than normal (329 pounds AI), due to budget constraints.  In FY 95, essentially all of the VIP areas were treated, and a total of 2,115 pounds AI were applied; approximately $35,000 was expended ($23,000 for materials and $12,000 for labor).



In fall 1995 88 CEG/CEOG initiated a program of aeration and application of an organic fertilizer (Milorganite(, a 6:2:0 formulation) on the VIP areas.  88 CEG/CEOG is continuing to experiment with different fertilizer formulations (test plots).  Mowing heights are maintained at an appropriate height of approximately 3.5 inches.



New Process:  The new process entails continuing the fertilization and aeration program started in late 1995, reducing the area treated, and gradually eliminating the spring broadcast application of the herbicide/fertilizer mixture.  Increased fertilization and aeration will increase turf health and decrease weed infestation within the areas formerly treated with herbicides.  Spot herbicide treatment would control sporadic weed occurrences.  



The VIP acreage that has been treated with herbicides and more intensely maintained will be reduced in size by about 35 percent.  The specific areas to be treated will be identified each year by 88 CEG/CEOG, based on factors such as use of VIP Routes and nearby facilities, turf condition, and seasonal climate conditions (rainfall, temperature).  



The proposed fertilization program should continue the program initiated by 88 CEG/CEOG and expand the application to cover all the selected VIP Route areas (approximately 300 acres).  In general, the proposed program should consist of application of approximately 3.5 pounds of nitrogen per 1,000 square feet of turf annually, using slow-release formulations in three applications, including a critical late fall application.  The type of fertilizer used will depend on the seasonal timing of application, turf condition and location, and results of soil tests.  Use of an organic product, such as the Milorganite( that is currently used by 88 CEG/CEOG, can be continued in selected areas; for the purposes of developing this program, it is assumed that approximately 50 acres would be treated with Milorganite( or a similar product in the spring and  fall, at an application rate of 2.7 lbs./1,000 sq.ft./yr.  The remainder of the VIP Route turf (250 acres) would be treated with higher nitrogen (30 percent N) fertilizer blends that can supply the required amount of nitrogen using far less product and at a lower cost, and yet should not cause burning or desiccation problems in non-irrigated turf.  The spring “weed and feed” application (supplying approximately 1 lb. N/1,000 sq. ft.) should be applied for the first 2 years over all 300 acres, then phased out and replaced with a spring fertilization only, as the turf health and density improves.



The proposed fertilization program is outlined in Table 2-5 by calendar year.  The specific fertilizer recommendations were developed in consultation with several local experts to meet the 3.5 pounds nitrogen/1,000 square feet/year goal, using formulations that would be the least expensive, but that should not cause burn or salt buildup problems in non-irrigated turf.  The fertilizer blends listed in Table 2-5 are available from Coop Suppliers - e.g., Agri Urban, Lebanon, Ohio; Buckeye Country Mart, Zenia, Ohio.  The program may need to be fine-tuned or otherwise modified, depending on results, and some possible substitute products are listed in footnotes; however, the substitute products would be more expensive than the products presented in the table.  The program should



�Table 2-5.  Proposed Fertilization Program��Calendar�Application Time��Year�March/May�August/September�October/December��1997�“Weed and Feed” (300 ac.)

Terra 25-3-5(a)

(Milorganite( -50 ac.- late May to June)(d)�50% slow release(b)

30-3-10 blend (250 ac.)�20% slow release(c)

30-3-10 blend (250 ac.)

(Milorganite - 50 ac.)�������1998�“Weed and Feed” (300 ac.)

Terra 25-3-5

(Milorganite( -50 ac.- late May to June)�50% slow release

30-3-10 blend (250 ac.)�20% slow release(c)

30-3-10 blend (250 ac.)

(Milorganite - 50 ac.)�������1999�50% slow release

30-3-10 blend (250 ac.)

(Milorganite( - 50 ac.)�50% slow release

30-3-10 blend (250 ac.)�20% slow release(c)

30-3-10 blend (250 ac.)

(Milorganite - 50 ac.)�������2000�50% slow release

30-3-10 blend (250 ac.)

(Milorganite( - 50 ac.)�50% slow release

30-3-10 blend (250 ac.)�20% slow release(c)

30-3-10 blend (250 ac.)

(Milorganite - 50 ac.)��(a)	Or appropriate substitute “Weed and Feed”-type product.

(b)	Possible substitutions:  

	1)	Scott’s 25-3-10 100% Polycoat with 2% Iron - $0.37/lb (military rate)

	2)	Scott’s 30-3-9 50% Polycoat 

		50% Sulfur-coated urea 

		with 2% Iron- $0.26/lb. (military rate)

(c)	The “slow release” nitrogen is sulfur-coated urea, which also has a polymer coat called “PolyPlus.”  Recommendation of 20% slow release for late fall is based on desire for plants to take up all the nitrogen supplied, so little is lost through leaching after plants are dormant.  If application occurs in the earlier part of the late fall period, a higher slow release percentage could be used.  Other N:P:K ratios could also be considered, depending on soil analysis and budget (e.g., 46�0�0).

(d)	For FY 97, it is assumed that 88 CEG/CEOG will apply Milorganite( on 50 acres in fall 1996, but that the full program would not be implemented until calendar year 1997.





be reviewed annually, along with results of test plots, so that appropriate modifications can be made as needed.



Local Extension and fertilizer company experts who were consulted to develop the recommended program are listed below, and may be contacted for assistance and advice as the program is implemented over the next few years.



	Gerry Mahan

	Greene Co. Extension

	(513) 372-9971



	Terry Burns

	Plant Pathologist

	Agri Urban

	Lebanon, Ohio

	1-800-354-0435



	Cindy Flack

	Scott’s Pro Turf

	Marysville, Ohio

	1-800-543-0006 (x 7514)



	John Street

	Ohio State University Extension

	(614) 292-9091



	Bill Pound

	Ohio State University Extension

	(614) 292-9090



The turf should be aerated at least once a year, generally in the spring.  A fall aeration can also be considered if budget allows.  It is assumed that periodic spot treatments of herbicide will be needed on approximately 10 percent of the total area treated, or approximately 30 acres, each year.  The herbicide used should be selected based on the weed species present.  Assuming many of the weeds will be dandelions and other broadleaf species, a product such as Strike 3® can continue to be used for spot treatments.  The Strike 3® would be applied in a similar manner to that used in current program herbicide applications.  The fertilization and aeration program will use equipment already available in Grounds Maintenance.



Pesticide Reduction Goal:  Increased fertilization and aeration and reduction of maintained VIP areas, with spot treatments as needed, will reduce annual herbicide application for control of turf weeds from 329 pounds AI (FY 93) (2,115 pounds AI in FY 95) to an estimated 45 pounds AI (spot treatments) by FY 2000.



Costs:  Strike 3® cost is $2.32/lb.; application rate is 3 lbs./ac.; 30 acres spot-treated; labor requirement for spot treatment is 1 hr./ac.; fertilizer cost is $7/50-lb. bag ($0.14/lb.) for Milorganite(; an average of $0.17/lb. for bulk purchase of slow-release, 30-percent nitrogen (N) fertilizer blends available from local Co-ops; fertilizer application is 3.5 lb. N/1,000 ft2/yr; labor requirement for fertilization is 0.25 hr./ac.; fertilization done three times/year; aeration labor requirement is 0.5 hr./ac.; aeration done once per year; labor rate is $15/hr. 



Increased fertilization will probably result in the need for more frequent mowing (assuming sufficient rainfall).  The increase in mowing frequency will depend on many factors including type of grass, type of fertilizer used, mowing height, and especially rainfall and temperature.  If a "typical" year involves approximately 24 mowings from mid-April through mid-October, and fertilization increases that by 1/3, then 8 more mowings can be expected.  An additional 8 mowings would increase costs as follows:  (0.5 hr./ac.) (300 ac.)(8)($15/hr.) = $18,000



Annual Operating Cost = (1) Fertilization Cost + (2) Aeration Cost + (3) Spot Treatment Cost + (4) Additional Mowing Cost:



FY 97 - Annual Operating Cost



1A) Fall and Spring Fertilization w/Milorganite( (assume 2.7 lbs. N/1000 sq.ft.):

(98,000 lbs. Milorganite()($0.14/lb.) + (50 ac.)(0.25hr./ac.)(2 times)($15/hr.) =

$13,720 + $375 = $14,095



1B) Spring Weed and Feed (assume 1 lb. N/1000 sq.ft.):

(52,200 lbs. 25% N product)($0.24/lb.) + (300 ac.)(0.25hr./ac.)($15/hr.) =

$12,528 + $1125 = $13,653



1C) Late Summer Fertilization (assume 1 lb. N/1000 sq.ft.):

(36,250 lbs. 30% N product)($0.17/lb.) + (250 ac.)(0.25 hr./ac.)($15/hr.) =

$6163 + $938 = $7101



Fertilization Total = $14,095 + $13,653 + $7101 = $34,849



2) Aeration Cost = (0.5 hr./ac.)(300ac.)(1 time)($15/hr.) = $2,250



3) Spot Treatment Cost = ($2.32/lb.)(3lbs./ac.)(30 ac.) + (1hr./ac.)(30 ac.)($15/hr.) =

$209 + $450 = $659



4) Additional Mowing Cost = $18,000 (see above) 



FY 97 TOTAL = $34,849 + $2,250 + $659 + $18,000 = $55,758



FY 98 - Annual Operating Cost 



1A) Fall and Spring Fertilization w/Milorganite( = $14,095 (see FY 97) 



1B) Spring Weed and Feed = $13,653 (see FY 97) 



1C) Late Summer Fertilization = $7,101 (see FY 97) 



1D) Late Fall fertilization (assume 1.5 lb N/1000 sq.ft.):

(54,500 lbs. 30% N product)($0.17/lb.) + (250 ac.)(0.25 hr./ac.)($15/hr.) =

$9,265 + $938 = $10,203



Fertilization Total = $14,095 + $13, 653 + $7,101 + $10,203 = $45,052



2) Aeration Cost = $2,250 (see FY 97) 



3) Spot Treatment Cost = $659 (see FY 97) 



4) Additional Mowing Cost = $18,000 (see FY 97)



FY 98 TOTAL = $45,052 + $2250 + $659 + $18,000 = $65,961



FY 99/00 - Annual Operating Cost



1A) Fall and Spring Fertilization w/Milorganite( = $14,095 (see FY 97) 



1B) Spring Fertilization (not Weed and Feed) = same as Late Summer Fertilization = $7,101



1C) Late Summer Fertilization = $7,101 (see FY 97) 



1D) Late Fall fertilization = $10,203 (see FY 98) 



Fertilization Total = $14,095 + 2($7,101) + $10,203 = $38,500



2) Aeration Cost = $2,250 (see FY 97) 



3) Spot Treatment Cost = $659 (see FY 97)



4) Additional Mowing Cost = $18,000 (see FY 97)



FY 99/2000 TOTAL = $38,500 + $2,250 + $659 + $18,000 = $59,409



Table 2-6.  VIP Routes Program - Costs and Benefits��

(FY) Project Title�

ROI�

Cost(a)�Benefit

(lbs. AI/yr.)��(FY 97) Increased fertilization/ aeration with Weed and Feed; reduced area; spot herbicide application��NA�$55,758�(b)��(FY 98) Increased fertilization/ aeration with Weed and Feed; redid area; spot herbicide application��NA�$65,961�(b)��(FY 99) Increased fertilization/ aeration without Weed and Feed; reduced area; spot herbicide application��NA�$59,409�284��(FY 00) Increased fertilization/ aeration without Weed and Feed; reduced area; spot herbicide application�NA�$59,409�284��(a)	FY 96 dollars.

(b)	Estimated use is 645 pounds AI.  This represents a decrease from FY 95 use (2,115 pounds AI), in �	which all VIP areas were treated; however, this usage is greater than that in FY 93 (329 pounds �	AI), when usage was unusually low.  

NA	=	 not applicable

ROI	=	 return on investment��



Table 2-7.  VIP Routes Program Execution

��Completion Date��Action�OPR�Estimated�Actual��Initial:  Conduct any soil tests needed and evaluate test plot data to select best fertilizer�88 CEG/CEOG�Oct 1996���Initial:  Train staff on correct application of selected fertilizer�88 CEG/CEOG�Feb 1997���Recurring:  Order fertilizer and herbicide (Strike 3®) �88 CEG/CEOG Base Supply�as needed���Recurring:  Identify acreage to be treated �88 CEG/CEOG�Nov���Recurring:  Aerate turf�88 CEG/CEOG�Mar-Apr ���Recurring:  Apply Weed and Feed (first 2 years) on 300 acres�88 CEG/CEOG�Apr - May���Recurring:  Apply Milorganite( on select areas (50 acres)�88 CEG/CEOG�May - June���Recurring:  Apply herbicide in spot treatment�88 CEG/CEOGE�as needed

(June-Sept)���Recurring:  Apply 30%N fertilizer to 250 acres�88 CEG/CEOG�Aug - Sept���Recurring:  Apply fertilizer to 250 acres, Milorganite( to select areas (50 acres)�88 CEG/CEOG�Oct - Dec���Recurring:  Evaluate program and modify as necessary; eliminate Weed and Feed treatment in FY 99 or FY 00�88 CEG/CEOG

88 CEG/CEOGE�Oct - Dec ���OPR  =  office of primary responsibility





2.2	Use of Herbicides with Lower Percent Active Ingredient (AI) for Bare Ground and Fence line Control



Current Process:  Currently, 88 CEG/CEOGE uses a number of herbicides for bare ground control.  The herbicides used vary depending on the location and type of vegetation present in and around the treatment area.  Generally, nonselective, bromacil-based soil sterilant formulations, either in liquid or granular form, are used in areas where there is no sensitive nontarget vegetation nearby and where long-lasting control is desired.  The two products used most often for this treatment are Hyvar XL® and Borocil®.  These products are very effective; however, they are applied in relatively large quantities (pounds AI per acre).  Typical application rates are 16 pounds per acre of Hyvar® and 98 pounds per acre of Borocil® (which contains a large percentage of a borate compound).



In areas where sensitive, nontarget vegetation is present or nearby, or there are roots underneath the treatment area, either Roundup® or a Roundup®/Surflan® mix (liquid spray) has been used.  These products contain glyphosphate and oryzalin, respectively.  They do not have a long persistence or soil activity and are therefore safer to use in areas where sensitive vegetation is an issue.  These chemicals are applied in a broadcast spray or granular application, except for smaller areas and treatment of cracks, which would receive a narrower spray from spot treatment such as spray guns.



For fence lines, current practice is to use essentially the same bromocil-based herbicides that are used for bare ground control, primarily Hyvar XL® and Roundup®.  In FY 93, a total of 877 pounds AI were applied for bare ground and fence line vegetation control, at an approximate cost of $17,000 ($13,000 for materials and $4,000 for labor).



New Process:  There are several herbicides available that provide nonselective control of weeds and grasses commonly present at the target bare ground control areas and along fence lines.  The best combination of herbicides for this use depends greatly on the type of vegetation to be controlled, the need for bare ground conditions or low vegetation height, and the presence of sensitive nontarget vegetation.  At WPAFB, the most common weeds to be controlled in target bare ground areas include common turf grasses (bluegrass, ryegrass), Johnson grass, chickweed, knotweed, dandelion, and other broadleaf weeds and annual grasses, such as crabgrass.  In pavement cracks, grasses and knotweed are the most common weeds.  Along fence lines, grasses are the primary target for vegetation control.



The new process consists of using the Roundup®/Surflan® application on approximately 20 percent of the total acreage to be treated for bare ground control, but replacing the currently used bromocil-based herbicides with two lower-AI herbicide mixes for bare ground and fence line control.  These mixes will control the primary target species and provide as long-lasting control as is possible without including a large quantity of bromocil or diuron.  The new tank mixes will be applied using the same method and equipment as the currently used herbicides.  



The first proposed mix would be used on approximately 80 percent of the total acreage to be treated for bare ground control.  This mix consists of an Arsenal®/diuron mixture that is purchased as a Co-Pack (tradename Sahara®), plus 3 ounces of Oust® per acre.  Adjuvants/surfactants should be added, per label directions.  The Co-Pack consists of 1.125 gallons Arsenal® (imazypyr), plus two 11.25-pound packages of diuron.  The application rate suggested by the manufacturer (American Cyanamid) is one Co-Pack for every 3 acres.  However, the proposed mix includes 3 ounces of Oust® per acre (sulfometuron methyl; manufactured by DuPont).  Therefore, the application rate can be decreased to 4 acres per Co-Pack (plus 12 ounces of Oust®), in an attempt to reduce pounds AI, while still maintaining good control.  This mix was one combination proposed by a representative of Weeds, Inc., and a representative of American Cyanamid agreed that it was a good starting point for the new program, given the required reduction in pounds AI.  The overall application rate would be 5.2 pounds AI per acre.



The second new mix consists of 3 pints of Arsenal® (imazypyr) and 3 ounces of Oust® (sulfometuron methyl) per acre.  This mix results in an application rate of 0.89 pound AI per acre.  It is recommended that this mix be used along fence lines where it should provide more than adequate control, retarding the growth of grasses but not eliminating all vegetation.  The mix should be applied carefully and not near sensitive vegetation or on steeply sloped areas, because the Oust® can move off site.  It is also recommended that this mix be applied in some test plots where bare ground conditions are desired.  If it is found to provide adequate control in other areas, then it can be used more widely in the future, because it has a very low application rate.



The two lower-AI mixes described above are a starting point for the new process, but 88 CEG/CEOGE may need to consider other mixtures following observation of results or test plots, especially where absolute bare ground conditions are needed or where areas have not been treated recently and have become overgrown.  Selecting the best mixture to provide control at low application rates will probably involve trial-and-error to some extent; the program should include a protocol for monitoring and use of test plots.  In locations with overgrown conditions, an initial treatment with a longer-lasting, higher-AI mix may be needed for control, subsequently using the lower-AI mixes for maintenance to meet the FY 2000 reduction goal.  



If results from the first year of the new process are not acceptable, then 88 CEG/CEOGE should consider consulting with herbicide company representatives and/or independent herbicide consultants, such as Weeds, Inc. (Mr. Brian O'Neill, [215] 727-5539), or CDC Chemical (Mr. Dave Schoonover or Mr. Larry Sharp, [540] 992-5766).  The consultants may charge a fee for their services, but they are not associated with any particular herbicide manufacturer and can perhaps offer a broader, less biased recommendation.  In addition, Table 4-2 in the Opportunity Assessment for Pesticide Reduction at Wright-Patterson AFB, Ohio, presents alternative herbicide mixtures to reduce the amount of AI used for bare ground control.  These mixes can be considered for use as appropriate at different locations on the base.



Pesticide Reduction Goal:  Assuming 100 acres are treated annually for bare ground control (20 with Roundup®/Surflan® and 80 with the new Sahara®-Oust( mix), and 15 acres are treated annually along fence lines, the new process will involve the following amounts of AI:



Roundup®/Surflan® - 80 lbs.

New Sahara®/Oust® Mix - 416 lbs.

Arsenal®/Oust® Mix - 13 lbs.



The total of 509 pounds AI would be a reduction of 368 pounds AI from FY 93 usage of 877 pounds AI for bare ground and fence line vegetation control. 



Costs:  Cost of herbicides is Sahara® = $246/Co-Pack; Oust® = $10/ounce; Roundup® = $27/gal.; Surflan® = $83/gal.; Arsenal® = $210/gal.; Roundup®/Surflan® mix is applied at 1 gal./ac. total; Sahara®/Oust® mix is applied at 1 Co-Pack/12 oz. Oust® over 4 ac. area; Arsenal®/Oust® mix is applied at 3 pts. Arsenal® plus 3 oz. Oust®/ac.; labor requirement is 2 hrs./ac. except for fence lines (5 hrs./ac.), labor rate is $15/hr.; one application/year; 100 acres treated for bare ground and 15 acres for fence line control. 



Annual cost = (1) cost of Roundup®/Surflan® mix on 20 ac. + (2) cost of new Sahara®/Oust® mix on 80 ac. + (3) cost of new Arsenal®/Oust® mix on 15 ac.



($27/gal.)(1/2 gal./ac.)(20 ac.) + ($83/gal.)(1/2 gal./ac.)(20 ac.) + (2 hrs./ac.)(20 ac.)($15/hr.) = $1,100 + $600 = $1,700



($246/Co-Pack)(1 Co-Pack/4 ac.)(80 ac.) + ($10/oz.)(12 oz. Oust®/4 ac.)(80 ac.) + (2 hrs./ac.)(80 ac.)($15/hr.) = $4,920 + $2,400 + $2,400 = $9,720



($210/gal.)(0.375 gal. (3 pts.)/ac.)(15 ac.) + ($10/oz.)(3 oz./ac.)(15 ac.) + (5 hrs./ac.)(15 ac.)($15/hr.) = $1,181 +$450 + $1,125 = $2,756



Total annual cost = $1,700 + $9,720 + $2,756 = $14,176







Table 2-8.  Bare Ground and Fence Line Program - Costs and  Benefits��

Project Title�

ROI�Annual

Cost(a)�Benefit

(lbs. AI/yr.)��(FY 97) Use of lower AI herbicides�NA�$14,176�368��(FY 98) Use of lower AI herbicides�NA�$14,176�368��(FY 99) Use of lower AI herbicides�NA�$14,176�368��(FY 00) Use of lower AI herbicides�NA�$14,176�368��(a)  FY 96 dollars.

NA  =  not applicable

ROI  =  return on investment��

�Table 2-9.  Bare Ground and Fence Line Program Execution����Completion Date��Action�OPR�Estimated�Actual��Initial:  Train applicators on new herbicide mixes - label, precautions, mix, application techniques, and rates��88 CEG/CEOGE�Feb 1997���Recurring:  Purchase new herbicides (Sahara®, Oust®, and Arsenal®, plus any needed Roundup® and Surflan®, including MSDSs�88 CEG/CEOGE Base Supply - HAZMAT cell��as needed���Recurring:  Identify areas to be treated (including selected test plots)�88 CEG/CEOGE�April���Recurring:  Apply herbicides to identified areas�88 CEG/CEOGE�May - July���Recurring:  Evaluate treated areas, effectiveness of new mixes (reapply as needed)�88 CEG/CEOGE�June - Oct���Recurring:  Consult with chemical company or herbicide consultant representatives regarding results; make adjustments in mix and/or arrange for test plots of alternative herbicides for next fiscal year, if necessary�88 CEG/CEOGE�Oct���MSDS  =	material safety data sheets

OPR     =	office of primary responsibility��

�2.3	Use of Synthetic Pyrethroids (Tempo®) for Adult Japanese Beetle Control



Current Process:  Personnel at WPAFB noted the arrival of the Japanese beetle population beginning in or just before FY 93.  The primary products used for control of adult beetles are Orthene® (acephate) around the base grounds and Sevin® (carbaryl) on the golf courses.  Both products are applied in a spray directed at the affected vegetation, most commonly using a hand-held spray gun.  In FY 93, very little spraying for adult Japanese beetles was done, since this was the first year the beetles were observed and their occurrence was low.  In FY 94, insecticide applications totaled 49 pounds AI by 88 CEG/CEOGE (covering approximately 2,000 trees) and 118 pounds AI by 88 SPTG/SVBG; the total cost was approximately $9,000 ($3,000 for materials and $6,000 for labor). 



New Process:  The recommended new process is use of a synthetic pyrethroid pesticide called Tempo®, which involves much less AI than the currently used products and provides the control desired.  This product is available from Bayer Specialty Products (Miles, Inc.) and contains the active ingredient cyfluthrin.  It is mixed at a ratio of 1.9 ounces to 100 gallons of water; an adjuvant (adhesive) should also be added per label directions.  Tempo® is applied in the same manner as the currently used pesticides.  At the recommended application rate, 100 gallons of this mixture, applied with a spray applicator, can cover approximately 20 trees.  Synthetic pyrethroids are more potent than either chemical currently used by WPAFB, and they are equally safe to mammals and birds.



Pesticide Reduction Goal:  The use of Tempo® will reduce pesticide application for adult Japanese beetle control from 167 pounds AI in FY 94 to approximately 8 pounds for a typical application (approximately 5 pounds on the golf courses and less than 3 pounds on the rest of the base grounds), since Tempo® has a very low percentage AI and a low application rate (0.0002 pound AI per gallon of spray). 



Costs:  Cost of Tempo® is $49/lb.; spray mix is 0.12 lb. (1.9 oz.) Tempo® per 100 gal. of water; spray is applied at rate of 5 gal. per tree; 2,000 trees sprayed/year on the grounds by 88 CEG/CEOGE and approximately 4,000 trees sprayed on the golf courses (based on reference year total usage); labor requirement is 10 min. per tree; labor rate is $15/hr.; one application/year. 



Annual Cost = ($49/lb.)(0.12 lb./100 gal.)(5 gal./tree)(6,000 trees)(1 application/year) + 1,000 labor hrs. ($15/hr.) = $1,764 + $ 15,000 = $16,764





Table 2-10.  Adult Japanese Beetles Program - Costs and Benefits��

Project Title�

ROI�Annual

Cost(a)�Benefit

(lbs. AI/yr.)��(FY 97) Use synthetic pyrethroids (Tempo®)�NA�$16,764�47��(FY 98) Use synthetic pyrethroids (Tempo®)�NA�$16,764�47��(FY 99) Use synthetic pyrethroids (Tempo®)�NA�$16,764�47��(FY 00) Use of synthetic pyrethoids (Tempo®)�NA�$16,764�47��(a)  FY 96 dollars.

NA	=  not applicable

ROI	=  return on investment���Table 2-11.  Adult Japanese Beetles Program Execution

��Completion Date��Action�OPR�Estimated�Actual��Recurring:  Obtain supply of Tempo®, including MSDS�88 CEG/CEOGE,

88 SPTG/SVBG,

Base Supply, HAZMAT cell��as needed���Initial:  Train applicators on Tempo® precautions, mix, application techniques��88 CEG/CEOGE,

88 SPTG/SVBG�Feb 1997���Recurring:  Identify areas to be treated�88 CEG/CEOGE,

88 SPTG/SVBG�Mar ���Recurring:  Treat affected vegetation�88 CEG/CEOGE,

88 SPTG/SVBG�July ���Recurring:  Evaluate effectiveness of Tempo® application; reapply if necessary�88 CEG/CEOGE,

88 SPTG/SVBG�July - Aug���MSDS	=  material safety data sheets

OPR	=  office of primary responsibility��

�2.4	Use of Merit® and Reduced Treatment Area for Control of Japanese Beetle Larvae® (non-golf course)



Current Process:  Currently, 88 CEG/CEOGE is using primarily Oftanol® (isofenphos) for larvae control.  The chemical is applied over affected turf using either a boom or spray gun, depending on the size of area to be treated.  Areas commonly sprayed for the control of grubs are grassy areas, and beneath and in the near vicinity of trees and shrubs infested with the adult beetles.  In FY 95, both Oftanol® (88 pounds AI) and carbaryl (50 pounds AI) were applied, covering a total area of 94 acres, at an approximate cost of $4,100 ($2,700 for materials and $1,400 for labor).



New Process:  The recommended new process is use of Merit®, combined with a reduction in the area treated.  Merit® (imidacloprid) is a synthetic pyrethroid pesticide that is currently being used successfully on the WPAFB golf courses.  Merit® is available from Miles Corporation, Inc., and is applied at a rate of 6.4 ounces per acre (Merit® 75 wsp) at a cost of approximately $100 per acre.  Use of Merit® is recommended for areas where control of larvae is necessary (i.e., where infestation is extensive and/or turf appearance is important).  Where affected areas are less visible or turf appearance is not as important, it is recommended that chemical control be stopped, thereby reducing the treatment area.  Combining the use of Merit® with a reduction in treatment area would provide the greatest reduction in pounds AI.  Merit® would be applied in the same manner as the currently used chemicals.



Pesticide Reduction Goal:  Using Merit® at the recommended application rate and covering the same area treated in FY 95 (94 acres) would result in a total of 28 pounds AI.  Limiting the application of Merit® to localized areas where grubs are quite prevalent and/or turf appearance is of concern will further reduce the pounds AI used.  Assuming a reduction of approximately 35 percent of the 94 acres treated in FY 95, approximately 18 pounds AI would be applied over 61 acres.



Costs:  Cost of Merit® application is $100/ac.; 61 ac. treated; labor requirement is approximately 1 hour/ac.; labor rate is $15/hr.; one application/year.



Total annual cost = ($100/ac.)(61 ac.)(1 application/year) + (30.5 hrs.)($15/hr.) = $6,100 + $915 = $7,015





Table 2-12.  Japanese Beetle Larvae Program - Costs and Benefits��

Project Title�

ROI�Annual

Cost(a)�Benefit

(lbs. AI/yr.)��(FY 97) Use Merit® on more limited treatment area�NA�$7,015�(b)��(FY 98) Use Merit® on more limited treatment area�NA�$7,015�(b)��(FY 99) Use Merit® on more limited treatment area�NA�$7,015�(b)��(FY 00) Use Merit® on more limited treatment area�NA�$7,015�(b)��(a)  FY 96 dollars.

(b)  No use in FY 93 baseline year; in FY 94 use was 112 lbs. AI; in FY 95 use was 138 lbs. AI.

NA   =  not applicable

ROI  =  return on investment��



Table 2-13.  Japanese Beetle Larvae Program Execution����Completion Date��Action�OPR�Estimated�Actual��Recurring:  Obtain supply of Merit® including MSDS�88 CEG/CEOGE

Base Supply - HAZMAT cell��as needed���Initial:  Train applicators on Merit® precautions, mix, application techniques��88 CEG/CEOGE�Feb 1997���Recurring:  Identify potential areas to be treated�88 CEG/CEOGE�May - June���Recurring:  Review areas identified and treat visible/damaged sites�88 CEG/CEOGE�July���Recurring:  Evaluate effectiveness of Merit® on treated sites�88 CEG/CEOGE�Aug���MSDS	=  material safety data sheets

OPR	=  office of primary responsibility��

�2.5	Reduce Treated Acreage on Golf Course Roughs



Current Process:  The 27-hole Wright-Patterson Golf Course (WPGC) covers approximately 268 acres, of which 204 acres are playable roughs.  The 18-hole Twin Base Golf Course (TBGC) covers approximately 160 acres, of which 100 acres are playable roughs.  Herbicides are sprayed primarily to control crabgrass and broadleaf weeds in the rough areas.  In FY 93, the primary herbicides applied to the rough were DMA-4® and Trimec®.  The sum of the FY 93 herbicide usage on the golf courses totaled 524 pounds AI; of this, 369 pounds AI were applied on the roughs.  The cost of this treatment in FY 93 was approximately $12,000 ($7,000 for materials and $5,000 for labor).



New Process:  Based on information provided by 88 PSTG/SVBG, it is estimated that the WPGC could reduce the treated acreage by 30 acres (15 percent) and the TBGC could reduce the treated acreage by 17 acres (17 percent) by ceasing pesticide application on portions of the roughs.  The areas of rough that will no longer be treated with any pesticides may be identified with markers until the pesticide applicators become familiar with them.  



The simplest and most cost-effective method of creating these naturalized areas on the roughs is to cease mowing or reduce mowing frequency and cease application of pesticides.  The turf will grow longer, there would be some weeds, and the turf would become mixed with native grasses invading from nearby areas, altering the playability of these portions of the roughs.  Alternatively, the areas may be seeded with wildflowers or native grasses, such as Medalist America’s Scottish Links Mixture, a blend of four types of fescue that can adapt to a range of soil and climatic conditions.  Appearance and playability will be factors in determining the type of vegetation that is encouraged in the naturalized areas. 



As an alternative to ceasing treatment in specific areas, these areas may also be designated as 100�percent nonchemical pesticide areas.  In this case, only pesticides with nonchemical AI would be used in these areas to achieve the same overall objective.  Use of nonchemical pesticides would help maintain the playability of the turf while reducing the amount of chemicals applied.  Nonchemical treatments that provide good results on these portions of the roughs could then be applied to other turf areas to further reduce pesticide usage.



Pesticide Reduction Goal:  Total herbicide usage in the rough at WPGC (254 pounds AI) would be reduced by approximately 11 percent, or 28 pounds AI.  Total herbicide usage in the rough at TBGC (115 pounds AI) would be reduced by 10 percent, or 12 pounds AI.  The total new usage for both courses would be 484 pounds AI.



Costs:  The annual materials cost is estimated as proportional to the decreased amount of herbicides applied. 



[(484 lbs. AI)/(524 lbs. AI)] x ($12,000) = $11,084.



Labor cost is estimated based on the number of hours spent applying herbicides.  If 47 acres were to be removed from the treatment acreage (considering both courses), and assuming an application rate of 2 acres per hour, labor would be reduced by 23.5 hours per treatment.  Because three pesticides have been applied to these areas of the roughs, the actual reduction in labor would be three times that, or 70.5 hours.  At a labor rate of $15/hour, approximately $1,058 would be saved.  Based on an FY 93 labor cost of $5,000, the estimated labor cost for the new treatment area is: 



$5,000 - $1,058 = $3,942. 



Total annual operating costs include materials costs and labor costs: 

Total annual cost = $11,084 + $3,942 = $15,026. 



No capital costs would be incurred, unless portions of the naturalized roughs were to be seeded with wildflowers or native grasses to increase the resistance to insects and disease and reduce maintenance.  Approximate costs would be $2,000 per acre for wildflower seeds and $600 per acre for native grasses.  The cost analysis assumes no revegetation, and no capital cost. 





�Table 2-14.  Reduce Treated Acreage on Golf Courses Program - Costs and Benefits��

Project Title�

ROI�Annual

Cost(a)�Benefit

(lbs./yr)��(FY 97) Identify areas to be naturalized�NA�$0���(FY 97) Herbicide application�NA�$15,026�40��(FY 98) Herbicide application�NA�$15,026�40��(FY 99) Herbicide application�NA�$15,026�40��(FY 00) Herbicide application�NA�$15,026�40��(a)  FY 96 dollars.

NA  =  not applicable

ROI  =  return on investment��





Table 2-15.  Reduce Treated Acreage on Golf Courses Program Execution����Completion Date��Action�OPR�Estimated�Actual��Initial:  Delineate areas to be “naturalized” and treatment (landscaping, mowing, etc.)��88 SPTG/SVBG�Sept 96���Initial:  Submit naturalization plan to base commander for approval�88 SPTG/SVBG�Nov 96���Initial:  Implement any landscaping or other treatment in identified areas�88 SPTG/SVBG�Dec 96 - March 97���Recurring:  Evaluate progress/ effectiveness of new pest control measure; modify if necessary�88 SPTG/SVBG�Sept���OPR  =  office of primary responsibility��

�2.6	Reduce Fungicide Use on Golf Courses



Current Process:  In FY 93, the total fungicide usage on the golf courses was 1,307 pounds AI, at a cost of approximately $49,000 ($45,000 for fungicides and $4,000 for labor).  Of the total, approximately 860 pounds AI were applied for dollar spot, at an average application rate of 2.97 pounds AI per acre.  The balance of the fungicides were used primarily for control of brown patch and pythium.



Dollar spot is treated with several fungicides in rotation to prevent the disease from developing a resistance to one fungicide.  These fungicides and their active ingredients are shown below.



Banner® (propiconazole)

Bayleton® (triadimefon) 

Chipco® 26019 (iprodione)

Daconil® l2787 (chlorothalonil)

�Eagle® (myclobutanil)

Fore® (mancozeb)

Rubigan® (fenarimol).



��

The WPGC currently uses a weather station to monitor various weather parameters.  This information is used by the WPGC superintendent to evaluate the most effective times to apply fungicides for preventive control of turf diseases (fungi).  The TBGC does not have a similar instrument.  The information is not shared between the two courses on a regular basis.



Neither course currently uses any rapid turnaround soil or turf analysis kits for the presence of disease.



New Process:  Sentinel® (cyproconazole), a fungicide made by Sandoz Agro, Inc., is effective in treating dollar spot, brown patch, summer patch, gray snow mold, and pink snow mold.  The recommended application rate is approximately 0.67 pound AI per acre (i.e., a reduction of 77 percent from the average application rate of the currently used fungicides).  Sentinel® would be applied in the same manner as other fungicides, so no changes or additional capital expenditures would be required.



The Envirocaster® by Neogen®, Inc., is a combination weather station/disease predictor model that can predict the occurrence of pythium, brown patch, anthracnose, and seed head formation. Various modules and attachments measure the moisture of the soil at different depths to evaluate the irrigation effectiveness.  The Envirocaster® also presents information necessary for predicting the growth stages of several insects, to assist in the proper timing of insecticide application.



In order for a disease to occur in turf, the climatic conditions must be correct, the turf (host) must be susceptible, and the disease must be present.  Reveal® test kits, sold by Neogen®, Inc., are used to detect the presence of disease in the soil or turf.  These tests can be performed on site, are completed in a short time, and no previous sampling or analytical experience is necessary.  If climate conditions are correct for the cultivation of a disease (as indicated by weather station information, such as that provided by the Envirocaster®), a test can be performed to detect the presence of the disease.  If the disease is present, appropriate treatment can be applied to prevent turf damage.



Pesticide Reduction Goal:  Sentinel( would be included in the fungicide regimen in FY 97.  Since there are currently six fungicides being used for dollar spot control, the addition of Sentinel® to the treatment rotation would result in a new seven-fungicide rotation regimen.  The contribution by the original six fungicides would be 6/7 of 860 pounds AI, the current dollar spot usage.  The contribution by Sentinel® would be 1/7 of the original usage (860 pounds AI) times the ratio of the application rates (i.e., 0.67/2.97).  The estimated usage for controlling of dollar spot would be 770 pounds AI, a reduction of 90 pounds AI.  The new total fungicide usage after including Sentinel® in the treatment rotation would be 1,218 pounds AI.  



88 SPTG/SVBG has elected to defer implementation of the Envirocaster( and the Reveal( soil test kits.  FY 97 fungicide use will be reviewed and use of the Envirocaster( and Reveal( test kits will be reevaluated (for implementation in FY 98) if the FY 97 fungicide use is not reduced sufficiently to assure meeting the overall 50-percent reduction by FY 2000.  Based on input from superintendents who have incorporated the Envirocaster® into their pest management routine, it is reasonable to expect that overall fungicide usage would be reduced by a minimum of 30 percent.  Based on input from superintendents who have incorporated the Reveal® test kits into their pest management routine, it is reasonable to expect that overall fungicide usage would be reduced by 10 percent.  Thus, total fungicide use at WPAFB would be further reduced by approximately 40 percent, to 731 pounds AI, if these two recommended alternatives were implemented in addition to using Sentinel(.



Costs:  The average cost per pound of fungicide would not change significantly with the inclusion of Sentinel(.  Therefore, the cost of the 1,218 pounds in fungicides that would be applied can be calculated by multiplying the ratio of the new usage (1,218 lbs. AI) to the former usage (1,307 lbs. AI) by the former cost of fungicides ($44,563):



(1,218/1,307) x $44,563 = $41,528



Treating a total area of 332 ac., at a rate of 2 ac./hr. and a labor rate of $15/hr., annual labor costs would total



[(332 ac.)/(2 ac./hr.)]($15/hr.) = $2,490. 



Total annual cost = $41,528 + $2,490 = $44,018.



If the Envirocaster( and Reveal( test kits are purchased in FY 98, there would be capital costs for purchase of the Envirocaster(, but annual costs would be reduced as a result of decreased fungicide usage.  The cost of the Envirocaster® is approximately $7,015, with models to predict the occurrence of brown patch, dollar spot, and seed head formation.  It also includes soil moisture sensors for evaluating the effectiveness of irrigation or rain.  An optional attachment for wind speed and direction costs an additional $510.  There are no operations costs associated with the Envirocaster®.  A new model for dollar spot should be available in the near future.  Each new model will cost approximately $500. 



The cost of the Reveal® test kits is approximately $17 per test.  If tests are run for brown patch, dollar spot, and pythium every 2 weeks from three locations over a 24-week period, the total cost of the kits would be $1,836.  There are no additional analytical or sampling costs associated with the test kits and labor is minimal.



With the use of the Envirocaster® and Reveal® test kits, the cost of fungicides is estimated by multiplying the ratio of the new usage (731 lbs. AI) to the FY 93 usage (1,307 lbs. AI) by the FY 93 cost of fungicides ($44,563):



	(731/1,307) x $44,563 = $24,906



A total of 218 ac. would be treated at an application rate of 2 ac./hr. and a labor rate of $15/hr.; annual labor costs would total



	[(218 ac.)/(2 ac./hr.)]($15/hr.) = $1,635.



Total annual cost = $1,836 + $1,635 + $24,906 = $28,377.

�Table 2-16.  Reduce Fungicide Usage Program - Costs and Benefits��

Project Title�

ROI�Capital

Cost�Annual

Cost(a)�Benefit

(lbs./yr.)��(FY 97) Cost of fungicide application�NA�NA�$44,018�89��(FY 98) Purchase Envirocaster®(b)�100%�$7,015����(FY 98) Purchase Dollar Spot Module to Envirocaster®(b)�NA�$500����(FY 98) Cost of fungicide application and Reveal® test kits(b)�NA�NA�$28,377(c)�576��(FY 99) Cost of fungicide application and Reveal® test kits(b)�NA�NA�$28,377(c)�576��(FY 00) Cost of fungicide application and Reveal® test kits(b)�NA�NA�$28,377(c)�576��(a)	FY 96 dollars.

(b)	If fungicide use does not decrease significantly in FY 97, purchase of Envirocaster( and Reveal( test kits will be considered to provide further reduction.

(c)	Cost represents reduction of fungicide use assuming use of Envirocaster( and Reveal( test kits.  Cost without these technologies would be that shown for FY 97.

ROI  =  return on investment��



Table 2-17.  Reduce Fungicide Usage Program Execution����Completion Date��Action�OPR�Estimated�Actual��Initial:  Purchase Sentinel®; identify place of Sentinel( in dollar spot treatment rotation and train personnel��88 SPTG/SVBG�Oct 1996���Recurring:  Apply fungicides �88 SPTG/SVBG�as needed���Recurring:  Evaluate progress/effectiveness of new pest control measure; review protocols, revise if necessary��88 SPTG/SVBG�Sept���Option:  Establish protocols for use of Envirocaster( and Reveal( test kits (frequency of testing, locations of soil samples, etc.)��88 SPTG/SVBG�Oct 1997���Option:  Train personnel in use of Envirocaster® and Reveal® test kits to guide fungicide application��88 SPTG/SVBG�Oct 1997���OPR  =  office of primary responsibility��

�2.7	Reduce Insecticide Use for Japanese Beetle Larvae Control on Golf Courses



Current Process:  Currently, 88 SPTG/SVBG is using several insecticides to control Japanese beetle larvae.  Some of these insecticides are used for more than one target pest (i.e., cutworms).  In FY 93, when the beetles first appeared on the base, 101 pounds AI were applied for beetle larvae control on the golf courses; in FY 95, this use increased to 231 pounds AI.  In FY 95, 428 acres were treated, at a cost of approximately $35,000 ($32,000 for materials and $3,000 for labor).  The following insecticides are used for Japanese beetle larvae control:



Dursban® (chlorpyrifos)

Dylox® (dimethyl)

Merit® (imidacloprid)

�Sevin® (carbaryl)

Triumph® (isazofos)

Turcam® (bendiocarb)

��

New Process:  The new process consists of using Merit®, the insecticide with the lowest application rate in pounds AI per acre, as the sole insecticide for Japanese beetle larvae control.  Merit( will be used for Japanese beetle larvae control in FY 97.  



Beneficial parasitic nematodes can be used as a nonchemical treatment to control Japanese beetle larvae.  Nematodes are applied using typical pesticide application equipment with the screens removed at pressures below 300 pounds per square inch (psi).  The best time to apply nematodes for Japanese beetle larvae control is in the fall.  88 SPT6/SVBG has elected to defer application of nematodes on the golf courses.  Insecticide usage in FY 97 will be reviewed; if significant reduction is not demonstrated through use of chemicals alone, application of nematodes will be reevaluated for FY 98.



Pesticide Reduction Goal:  If Merit® were used as the sole insecticide for Japanese beetle larvae control on the golf courses, total use would be 101 pounds AI, based on FY 95 applications. Information supplied by superintendents who have used nematodes indicates that it is reasonable to expect a reduction in insecticide use of 50 percent.  This would result in a new usage of 51 pounds AI, which represents a reduction of 50 pounds AI from the FY 93 use. 



Costs:  The cost of Merit is $283/lb. of product, or $377/lb. AI.  The cost of applying 101 lbs. AI would be $38,077.



The annual labor cost is estimated based on treating 428 ac. at an application rate of 2 ac./hr., and a labor rate of $15/hr., for an annual cost of $3,210.



Total annual costs = $38,077 + $3,210 = $41,287.



The cost of the nematodes is approximately $40/ac.  If it is assumed that 70 ac. will be treated (approximate acreage of greens, tees, and fairways on both courses) once a year, the total cost of nematodes equals $2,800. 



If nematodes are applied, the amount of insecticide used would be reduced to 51 lbs. AI.  At a cost of $377/lb. AI, the cost of insecticide would be $19,227.  A total of 214 ac. would be treated with Merit(, at an application rate of 2 ac./hr and a labor rate of $15/hr.; the annual labor cost would be $1,605.



Total annual cost = $19,227 + $2,800 + $1,605 = $23,632.





�Table 2-18.  Japanese Beetle Larvae  Program - Costs and Benefits��

Project Title�

ROI�

Annual Cost(a)�Benefit (lbs./yr.)(b)��(FY 97) Purchase pesticides�NA�$41,287�0��(FY 98) Purchase nematodes and pesticides�NA�$23,632(c)�50��(FY 99) Purchase nematodes and pesticides�NA�$23,632(c)�50��(FY 00) Purchase nematodes and pesticides�NA�$23,632(c)�50��(a)	FY 96 dollars.

(b)	FY 93 usage was 101 lbs.  AI; reference year for calculations was FY 95, when usage was 231 lbs. AI.

(c)	Cost represents reduction in insecticide use assuming use of beneficial nematodes.  Cost without nematodes would be that shown for FY 97.  

NA	=  not applicable

ROI	=  return on investment��



Table 2-19.  Japanese Beetle Larvae Program Execution����Completion Date��Action�OPR�Estimated�Actual��Initial:  Obtain and apply Merit(�88 SPTG/SVBG�Sept - Oct 96���Recurring:  Evaluate progress/effectiveness of pest control measures; consider use of beneficial nematodes�88 SPTG/SVBG�Sept���Option:  Apply beneficial nematodes�88 SPTG/SVBG�Sept - Oct���OPR  =  office of primary responsibility��2.8	Reduce Insecticide Use to Control Cutworms on Golf Courses



Current Process:  88 SPTG/SVBG uses several insecticides to control cutworms.  Some of these insecticides are used for more than one target pest (i.e., Japanese beetle larvae).  In FY 93, 137 pounds AI were applied for cutworm control, at an approximate cost of $9,000 ($7,000 for materials and $2,000 for labor).  The following insecticides were used for cutworm control:



Dursban® (chlorpyrifos)

Dylox® (dimethyl)

Mocap® (ethoprop)�Sevin® (carbaryl)

Triumph® (isazofos)

Turcam® (bendiocarb)��

New Process:  The new process for controlling cutworms on the golf courses consists of a combination of biological and chemical control measures.  Chemical control would be provided as needed by applying Tempo®, an insecticide manufactured by Bayer®, Inc., that is effective against cutworms, armyworms, adult Japanese beetles, and mealybugs.  The label suggests an application rate of 5 grams of product per 1,000 square feet; at 20 percent AI, this is equivalent to 0.096 pound AI per acre.  Tempo® would be applied in the same manner as other insecticides, and use would begin in FY 97.



The biological control method entails applying nematodes, small parasitic worms that can be used to control several insects, including cutworms and Japanese beetle larvae.  Nematodes are applied using typical pesticide application equipment with the screens removed at pressures below 300 psi.  The best time to apply nematodes for cutworm control is in the early spring, after the last frost.



Pesticide Reduction Goal:  The total acreage treated for cutworms in FY 93 was 271 acres.  Assuming use of Tempo® over the same treated acreage, at an application rate of 0.096 pound AI per acre, the new usage would be 26 pounds AI in FY 97.  88 SPTG/SVBG has elected to defer application of nematodes on the golf courses.  Information provided by golf course superintendents who have used nematodes indicates that it is reasonable to expect a 50-percent reduction in insecticide use.  Insecticide use would thus be reduced further, to 13 pounds AI, an overall reduction of 124 pounds AI.



Costs:  The cost of using this alternative for FY 97 is based on applying Tempo®, at a cost of $245/lb. AI ($49/lb. of product) and a total annual usage of 26 lbs. AI, which results in an annual cost of $6,370.



The annual labor cost is estimated based on treating 271 ac. at an application rate of 2 ac./hr., and a labor rate of $15/hr., for an annual cost of $2,032.



Total annual cost = $6,370 + $2,032 = $8,402



If insecticide use in FY 97 is not reduced sufficiently, the use of nematodes will be considered.  The cost of the nematodes is approximately $40/ac.  If it is assumed that 70 ac. will be treated (approximate acreage of greens, tees, and fairways on both golf courses), the total cost of nematodes equals $2,800.  (Note that nematodes should be applied once in the fall for maximum effect on Japanese beetle larvae [see Section 2.7], and once in the early spring for cutworms; applying twice a year will provide best control for both pests.)



With application of nematodes, Tempo( application would be reduced to 13 lbs. AI.  At a cost of $245/lb. AI, the total annual cost for Tempo( would be $3,185.  A total of 136 ac. would be treated with Tempo( at an application rate of 2 ac./hr. and a labor rate of $15/hr.  Total labor costs would be $1,020.



Total annual cost = $2,800 + $3,185 + $1,020 = $7,005.







Table 2-20.  Cutworms Program - Costs and Benefits��

Project Title�

ROI�Annual Cost(a)�Benefit (lbs./yr.)��(FY 97) Purchase pesticides�NA�$8,402�111��(FY 98) Purchase nematodes and pesticides�NA�$7,005(b)�124��(FY 99) Purchase nematodes and pesticides�NA�$7,005(b)�124��(FY 00) Purchase nematodes and pesticides�NA�$7,005(b)�124��(a)	FY 96 dollars.

(b)	Cost represents reduction in insecticide use assuming use of beneficial nematodes.  �	Cost without nematodes would be that shown for FY 97.

NA	=  not applicable

ROI	=  return on investment��





Table 2-21.  Cutworms Program Execution����Completion Date��Action�OPR�Estimated�Actual��Recurring:  Apply Tempo® ��88 SPTG/SVBG�March���Recurring:  Evaluate progress/effectiveness of new pest control measure

�88 SPTG/SVBG�Sept���Option:  Apply beneficial nematodes�88 SPTG/SVBG�March���OPR  =  office of primary responsibility��

�2.9	Termite Colony Elimination System in Family Housing Areas



Current Process:  Termite control in the housing areas is conducted by a commercial pest control contractor.  Dursban TC® (chloropyrifos), mixed at a ratio of 1 gallon of product to 100 gallons of water, is applied every 2 to 3 feet in a trench dug to a depth of 6 to 10 inches around the affected structure.  Dursban TC® is proven effective and it is persistent in the soil, eliminating the need for repeat treatments.  In FY 93, the contractor applied 261 pounds AI of Dursban TC® to 50 housing units at a cost of $27,440.



New Process:  The new process entails using the Sentricon® Termite Colony Elimination System, available through DowElanco.  The current termite control contractor for WPAFB is certified to install and monitor the Sentricon® system.  The system involves placing wood into bait-tubes placed approximately 10 to 20 feet around individual structures.  The presence of a termite colony is identified through monthly monitoring of the bait-tubes.  Once a colony is detected, a growth-regulating bait (hexaflumuron) is placed into the bait-tube that prevents the molting process of termites and they eventually die.  It may take from a few weeks to a few months for termites to enter the stations; colony elimination can occur as quickly as 3 to 5 months after termites are transferred to bait-tube devices.  After a colony has been eliminated, the bait is replaced with monitoring devices and inspected monthly to verify control.



The Sentricon® system can be used on an as-needed basis for individual structures with termite infestations, or it can be used to treat groups of structures as a preventive measure in areas of known recurrent infestations (e.g., Page Manor).  Groups of units in Page Manor will be identified by 88 CEG/CEH for treatment each year, based on available budget.  Areas to be treated will begin with the block east of Spinning Road, treating as many units as the budget will allow each year.  When the entire area east of Spinning Road has been treated (or continued monitoring indicates that this area is free of termites), treatment will commence on units west of Spinning Road.



(Because annual budgets cannot be anticipated, costs and pounds AI are calculated below based on treating approximately 50 units, as in FY 93.)



Pesticide Reduction Goal:  The Sentricon® bait-tubes each contain 4 ounces of bait with 0.1 percent AI, or 0.004 ounce AI each.  In FY 93, the contractor treated approximately 15,000 linear feet for termites.  Using this same length, and assuming installation of bait-tubes every 10 feet, approximately 1,500 bait-tubes would be required for a total of 6 ounces, or less than 1 pound AI.  This represents a reduction of 260 pounds AI from the FY 93 use.



Costs: 



Sentricon® System installation:  1500 bait-tubes x $10.00/bait-tube = $15,000



Annual monitoring cost:  $2.50/bait-tube x 1500 bait-tubes = $3,750



Total annual cost = $15,000 + $3,750 = $18,750



�Table 2-22.  Termite Colony Elimination Program - Costs and Benefits��

Project Title�

ROI�Annual

Cost(a)�Benefit

(lbs./yr)��(FY 97) Install and monitor Sentricon® system�NA�$18,750�260��(FY 98) Install and monitor Sentricon® system�NA�$18,750�260��(FY 99) Install and monitor Sentricon® system�NA�$18,750�260��(FY 00) Install and monitor Sentricon® system�NA�$18,750�260��(a)	FY 96 dollars.

NA	=  not applicable

ROI	=  return on investment��





Table 2-23.  Termite Colony Elimination Program Execution����Completion Date���Action�OPR�Estimated�Actual��Initial:  Modify existing contract for termite control to include use of the Sentricon® system��88 CEG/CEH,

88 ABW/EM�Sept 1996���Recurring:  Identify MFH units/areas to be treated�88 CEG/CEOGE,

88 CEG/CEH�Oct���Recurring:  Install and monitor Sentricon® system (termite control contractor)�88 CEG/EOGE,

Termite Contractor�Mar-Oct���Recurring:  Evaluate progress/effectiveness �of new pest control measure�88 ABW/EM�Sept���OPR  =  office of primary responsibility��
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