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Project Summary 

The project is a North Aircraft Ramp facility at Andersen Air Force Base in Guam. The purpose of the project is to 

construct a 14-stall fueling apron for B-52 aircrafts at Andersen along with associated support facilities. The 

North Aircraft Ramp will include a new concrete pavement aircraft parking and fueling area with an asphalt 

pavement apron, asphalt pavement roadways and parking areas associated with the two facility buildings and 

concrete sidewalks. Refer to Appendix C for storm drainage methodology and calculations. 

Storm Drainage 

The drainage design meets unified facilities criteria and environmental protection regulations for the region. Per 

CNMI and Guam Stormwater Management Manual guidance all water quality and water quantity best 

management practices are to be sized per Unified Design Criteria for Stormwater Control Requirements. The 

recharge volume (Rev) determines the minimum volume of water that must be reintroduced to either 

groundwater or surface waters near the site. Rev is calculated for limestone regions using a 1.5-inch rainfall  
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Appendix C. Storm Drainage Narrative 
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 Storm Drainage 

 Hydrologic and Hydraulic Criteria 

The design of the storm drainage system is based on guidance and criteria in the following documents: 

a) AC 150/5320-5D, Airport Drainage Design, FAA (15 August 2013) 

b) Marianas Navy and Marine Corps Design and Construction Standards (MDACS), with Amendments 001 

(22 October 2019) and 002 (30 December 2020) 

c) UFC 3-201-01, Civil Engineering, DoD (20 December 2022) 

d) UFC 3-210-10 Low Impact Development (LID), DoD (01 March 2020) 

e) Yap State EPA, Regulations for Earthmoving and Sedimentation Control, Title X, Chapter 1 (09 

November 1994) 

1.1.1 AC 150/5320-5D Criteria 

The design storm frequency used for the storm drainage design follows FAA AC 150/5320-5D guidance for 

airport drainage design, using the 5-year storm event with no encroachment of runoff on taxiway and runway 

pavements (including paved shoulders) and no encroachment the 10-year storm onto the center 50% of 

runways or taxiways. The 50-year storm event was used to analyze the existing outfall culverts beneath the 

runway, including the low point in the grading. The 100-year storm event was also used for the design of all 

drainage collection, conveyance, and detention facilities as a check-scenario. Precipitation frequency estimates of 

depth and intensity were determined for the site using National Oceanic and Atmospheric Administration (NOAA) 

Atlas 14 data at the airport site. The Rational Method was used to compute peak runoff discharges from drainage 

basins. A spreadsheet incorporating locally calibrated unit hydrograph methodology was used to generate 

hydrographs for detention and water quality pond routing. 

Drainage basins were delineated to determine flow patterns across the airport, including the runway extensions, 

the addition of the taxiway, and the addition of the aircraft parking apron area. There are three existing 

corrugated steel pipe (CSP) culverts crossing under the airport runway that will not be replaced. See Section 

1.2.1 for a description of culvert conditions. These culverts were analyzed with design and check storm flows and 

were determined to have sufficient capacity. 

Hydraulic criteria also follow FAA AC 150/5320-5D guidance. Inlet structures are concrete drop inlet (area inlet) 

type with single or multiple steel grates provided in sufficient quantity to meet the above design storm criteria. 

Inlet capacities are computed using weir and orifice equations associated with the slot size and spacing within the 

grates. Inlet structures are reinforced based on their location relative to loading capacity and depth. Some of the 

inlets are deep, requiring special structural design consideration. Inlet structures are aircraft-rated where they fall 

within safety zones in the airfield. See also Section 1.6.  

Manholes are used to facilitate junctions and bends in the storm drainage pipe network. Manhole spacing is also 

limited to certain distances based on pipe size, in accordance with the AC 150/5320-5D guidance, so that 

maintenance can be readily performed. Manhole structures are reinforced based on their location relative to 

loading capacity and depth. Some of the manholes are deep, requiring special structural design consideration. 

Manhole structures are aircraft-rated where they fall within safety zones in the airfield. For the purposes of the 

design, the term “manhole” includes junction chambers, which are specially designed structures that are used for 

large storm drains. 
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The project includes several headwall structures that are used at upper and lower ends of storm drain systems. 

Headwalls provide retainage of embankments at storm drain inlets and outlets. Inlet headwalls provide means to 

gather incoming flow, usually from intermittent or perennial flow sources, guiding flow safely into the storm 

drain and improving hydraulics. Inlet headwalls are provided with steel grated structures having the dual purpose 

of providing a security barrier and protection against debris potentially clogging the storm drain. Outlet 

headwalls guide discharge into energy dissipating devices, which help to reduce the potential for erosion. Energy 

dissipators include rock riprap aprons and concrete stilling basins; the latter are used for pipes discharging into 

detention basins. Energy dissipator design is via spreadsheets incorporating HEC No. 14 and U.S. Bureau of 

Reclamation (USBR) procedures. 

Pipe and culvert design is based on the storm frequencies described above, using Bentley Systems’ StormCAD 

and Autodesk’s Civil 3D software. All pipes used for the project are smooth-lined, either reinforced concrete 

(RCP) or dual-wall high-performance polypropylene (HP). Pipe usage and class is dependent upon several 

factors including loading capacity, depth of bury, diameter, and location within the airport property. Minimum 

and maximum pipe cover is as dictated by the AC 150/5320-5D guidance and manufacturers’ requirements. 

Maximum spacing between manholes and inlet structures are based on the AC 150/5320-5D guidance as well. 

Minimum pipe slopes are based on pipe size and discharge to limit the minimum velocity within the pipe to 3 feet 

per second (fps). Pipe design is based on hydraulic grade line (HGL). For the most part, pipes have been upsized 

to allow for better maintenance accessibility. This results in the HGL being maintained within the pipe itself. In no 

case is the HGL above the grate or cover of inlet or manhole structures for the 100-year storm event. 

Ditches and swales are designed by spreadsheets incorporating Manning’s Equation, and capacities are based on 

linings, slopes, and cross-sectional configuration. Ditches and swales intercept and convey runoff to inlets and 

headwalls within the storm drain system or directly to detention ponds. Ditches and swales are lined either with 

grass, vegetated turf reinforcement mat (TRM), or concrete, depending upon factors including slope and 

discharge. See also Section 1.5. 

Detention and water quality ponds are designed using inflow hydrographs generated by a spreadsheet 

incorporating locally-calibrated unit hydrograph methodology. Stage-storage data is developed for each pond 

and routing through an outlet structure is performed using Modified Puls methodology to develop outflow 

hydrographs. Emergency spillways are provided for the ponds that have earthen embankments and are designed 

to provide one (1) foot of freeboard above the elevation of the peak 100-year inflow, assuming the pond is 

already full and all other pond outlets are blocked. Emergency spillways are stabilized with a concrete cutoff wall 

and riprap through their weir section to the bottom of the exterior embankment. See also Section 1.7. 

1.1.2 UFC 3-201-01 Criteria 

The requirements of UFC 3-201-01 are complementary to the AC 150/5320-5D criteria described above and 

were used to establish this Basis of Design as it relates to drainage and stormwater management. 

1.1.3 MDACS Criteria 

The storm drainage design was also based on the MDACS guidelines; in particular, G10, Site Preparations. The 

design was conducted with the intent of meeting the following sustainable design strategies: 

• Grade to encourage stormwater sheet flow and lengthen flow paths. A significant quantity of runoff 

enters the property from the hills north of the airfield. This runoff is captured where it concentrates 

above cut slopes and is conveyed beneath the airfield to storm drain outfalls to the south. Upslope 

sheet flow will run down the stabilized cut slopes into the airfield conveyance system. Nearly all airfield 

surface runoff conveyance is east-west, which effectively lengthens flow paths by conveying across 

slopes, rather than directly downslope to the outfalls. 
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•  Maintain natural drainage divides to keep flow paths dispersed. Six outfalls have been delineated to 

align existing drainage divides with the design. Minor cross-watershed drainage will occur, but this will 

be managed by attenuation of peak discharges within the detention ponds. 

• Preserve the naturally vegetated areas and soil types that slow runoff, filter out pollutants, and facilitate 

infiltration. Disturbed areas are to be revegetated with in-kind vegetation. Runoff from over 100 acres 

of airfield will be directed to grass-lined swales which can filter pollutants and enable infiltration. These 

swales are equipped with a narrow concrete valley gutter to facilitate conveyance of low flows, but 

larger flows will spread across the permeable grass portions of the swales. 

• Strip and stockpile existing topsoil wherever possible where soil is viable for planting beds. Limit the 

height of the stockpile to preserve micro-organisms. A complete plan for erosion and sediment control 

is part of the design documents. This will provide the Contractor with guidance for stripping and 

stockpiling topsoil for reuse onsite, as well as dust control and minimizing sedimentation of 

downstream waters. 

1.1.4 UFC 3-210-10 Criteria 

The MDACS guidelines reference UFC 3-210-10, LID criteria, which were also considered in the project design. 

Note that the March 2020 UFC 3-210-10 Change 3 version is used because the most current version of this UFC 

is 28 August 2023, which is more recent than the Effective Code Date of the project (July 21, 2023). The UFC 3-

210-10 LID criteria aim to restore pre-development infiltration rates to mitigate reduction of infiltrative surfaces 

due to the addition of impervious area. For this project, the percent change in runoff volume due to additional 

impervious area is 4.5%. Because this is an already developed airport and the site presents several constraints 

toward implementing LID BMPs, the AC 150/5320-5D guidance was selected for design criteria pertaining to 

hydrology and hydraulics. Certain elements of the UFC 3-210-10 design objective are met when implementing 

the AC 150/5320-5D guidance; however, there remain several technical constraints for implementing LID BMPs 

to meet the design objective (e.g., infiltration and storage). Section 2-1.4 of UFC 3-210-10 provides examples of 

technical constraints that are applicable to the subject site and project, including prevention of stormwater 

retention onsite, shallow bedrock, contaminated soils, and limited infiltration capacity. Stormwater retention is 

not provided on this site because the resulting ponding can be considered a wildlife attractant. AC 150/5200-

33C cites retention ponds and poorly drained locations as potentially ideal locations for wildlife. Furthermore, 

the GDR for the project indicates that schist bedrock is relatively shallow, and permeability is likely very low. 

Finally, Section 2.3.9 of this Basis of Design Report indicates that soils, rocks, and sediments on Yap Island are 

known to have elevated levels of heavy metals and minerals that, although naturally occurring, have 

concentrations that are considered hazardous to humans. 

1.1.5 Yap State Code Title X, Chapter 1 Criteria 

The final resource for design criteria used for this project is the Yap State EPA Regulations for Earthmoving and 

Sedimentation Control Title X, Chapter 1. A complete plan for erosion and sedimentation control is part of the 

design documents, and this plan was developed based on guidance in Title X, Chapter 1. The plan includes BMPs 

for minimizing erosion and limiting sedimentation of waters downstream. Erosion control BMPs include erosion 

control blankets, check dams, and slope surface roughening. Permanent BMPs include TRMs and rock riprap. 

Sediment controls include tire scrubbers at site intersections with roadways, sediment logs, inlet protection, and 

sediment basins. The plan also provides guidance for dust control. This plan should provide the Contractor with a 

complete framework for managing erosion, sediment, and dust throughout all phases of the project. 

To inform the Contractor and assist them in summarizing the project for the Yap State EPA to obtain requirement 

permits, a separate Stormwater Protection Report has been prepared. This report appears in Appendix R.  
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Outfall 3 Pond, Outfall 4 Pond, and Outfall 5 Pond will also provide limited water quality treatment with flow 

reduction and pond storage to allow some suspended sediments to settle out. Outfall 6 Pond and Outfall 6A 

Pond will provide added water quality treatment by attenuating the Water Quality Capture Volume (WQCV), 

which reflects the volume of runoff from a rainfall event of 0.6 inch over the drainage basin area. Outfall 6 Pond 

and Outfall 6A Pond are located within the project areas that have the highest anticipated sediment loadings, 

where water quality treatment is most effective. 

Within Outfall 6 Pond and Outfall 6A Pond, the WQCV is detained for 42 and 41 hours, respectively, for optimum 

settling of suspended solids, while limiting duration of ponded water to less than that at which mosquito 

breeding could take place (typically, around 120 hours). The 41 – 42-hour duration is also compliant with the 

FAA guidance for hazardous wildlife attractants in AC 150-5200-33C, Section 2.3.1.2, which limits detention 

periods to 48 hours.  

Emergency spillways are provided for Outfall 3 Pond, Outfall 4 Pond, and Outfall 5 Pond. Emergency spillways 

are designed to safely discharge the peak 100-year inflow with 1 foot of freeboard to the top of berm, assuming 

the pond is full and all other pond outlets are blocked. Outfall 6 Pond and Outfall 6A Pond do not have 

embankments and as such do not have emergency spillways. Outfall 6 Pond will overflow into the roadside ditch 

along the reconstructed Public Access Road in an emergency. Outfall 6A Pond will overflow the road surface and 

rejoin the stream channel to the east in an emergency. 

Incoming flows to Outfall 3 Pond, Outfall 4 Pond, and Outfall 5 Pond are substantial, as they include not only 

airfield runoff but offsite upstream areas as well. Due to high incoming discharge rates, Outfall 3 Pond and 

Outfall 5 Pond are equipped with USBR Type VI stilling basins at the pipe outfalls into the ponds. The stilling 

basins consist of a concrete structure with a series of baffles and weirs to dissipate energy from high discharges 

more effectively than conventional energy dissipators such as riprap or forebays.  

In addition to high incoming discharge rates at Outfall 3 Pond, Outfall 4 Pond, and Outfall 5 Pond, field 

investigations revealed that these ponds are likely to have year-round base flows originating in the hills north of 

the airfield. The base flows are estimated to be 2 cubic feet per second, based on field observations of flow area, 

depth, and velocity. For this reason, water quality capture is limited, as the ponds must maintain an undetained 

low-flow discharge so that they do not have permanent pools, which can be wildlife attractants. Low-flow 

discharge replicates the streamflow downstream of the outfalls, with the added benefit that the ponds will 

temporarily impound large flows and meter them out at lower rates than without the ponds. Onsite areas 

upstream of these ponds include paved runway and taxiway, and grass infield and hillsides. As such, suspended 

sediment loading should be minimized once the site is fully revegetated. With the ponds replicating natural low-

flow stream characteristics, normal sediment loads will continue downstream, but in a more manageable manner. 

The areas tributary to Ponds 6 and 6A include proportionately larger expanses of paved and gravel surfaces, with 

more intensive amounts of site activity. These areas are expected to produce larger amounts of suspended 

sediments, even after site revegetation. Therefore, these ponds include the extra measure of water quality 

treatment through WQCV attenuation. 

During construction Outfall 6 Pond and Outfall 6A Pond will function as sediment basins, to trap and settle 

sediments associated with construction activity. 

Maintenance of the ponds throughout their temporary and permanent configurations is vital to their 

performance. Therefore, all ponds are designed with maintenance access to the pond bottoms. 

See Appendix A.2 for pond design calculations. General pond characteristics are tabulated in Table 2-17. 
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