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1.0  INTRODUCTION 

This Work Plan (WP) presents the approach, rationale, and field procedures for the 
Implementation of Watershed Restoration Projects in the Manell Watershed in Southern Guam 
(Figure 1).  The WP presents the technical and quality aspects of the project’s field and reporting 
activities. 
   
The overall objective of implementing watershed restoration projects in the Manell Watershed is 
to stabilize stream banks and create riparian buffers with the intent of reducing sediment loads 
entering downstream coastal waters.  This project will utilize watershed assessment and design 
plans developed through previous watershed restoration projects and implement two types of 
erosion control projects to reduce sediment loads in the Manell Watershed, as follows:  
 

1.) Streambank stabilization using vegetative methods, natural fibers, or other 
appropriate methods as approved;  

 
2.) Riparian buffer strips using vegetative methods and/or natural fibers or other 

appropriate methods. 
 
The goals of this project are to: 
 

1.) Reduce sediments entering the streams and,  
 
2.) Test lower cost, low maintenance erosion control options that can be used in other 

locations as funding becomes available.   
 
The permitting process to implement these practices is ongoing.  Ideally, the projects will include 
installation and maintenance tasks that could be completed by community volunteers and 
coordinated by government or non-government organizations. 
 
This project includes implementation of watershed restoration at six (6) sites in the Manell 
Watershed. 

1.1 Project Key Elements 

The intent of this project is to implement restoration actions to stabilize streambanks and create 
riparian buffers in the Manell watershed in Southern Guam.  This project is funded by the Coral 
Reef Conservation Program and contracted under the National Oceanic and Atmospheric 
Administration (NOAA)/National Marine Fisheries Service (NMFS) Pacific Islands Regional 
Office (PIRO), and is comprised of the following key components. 
 

 Notifications and Permits 

 Mobilization and Setup 

 Preparatory Activities 
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 Field Activities and Design Implementation 

 Monitoring and Maintenance 
 

 Demobilization    

The details of these project components are discussed in Section 3.0 (Methods and Procedures) 
of this WP.  

1.2 Project Organization 

The project organizational chart (Table 1) presents the list of project personnel and their 
responsibilities related to the implementation of field activities described in this WP.  

1.3 Schedule 

The project schedule is included in Appendix A.   
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Table 1. Project Organizational Chart 
  

 

ADDITIONAL SUPPORT RESOURCES 

PROJECT MANAGER 

Jaquay Soriano 

Environmental Scientist 

PRINCIPAL-IN-CHARGE 

Jeff Boltz 

Chief Scientist 

SENIOR TECHNICAL REVIEW 

Dan Savercool, CSE 

Senior Scientist 

 Shannon Cauley, Sundance Consulting, Senior Scientist 

 Dr. Mohammad Golabi, University of Guam, Associate Soil Science Professor 

 Dave DeFant, Southeastern Archaeological Research, Inc. (SEARCH), Principal Investigator, Guam Office Manager 

Pete Garger, CIH, CSP 

Corporate Health and Safety Director 

 
Sheeka Tareyama, Julie Anne Duay 

Environmental Scientist 



PRIMARY TECHNICAL SUPPORT PERSONNEL 

CORPORATE HEALTH & SAFETY 

NATIONAL OCEANIC AND 

ATMOSPHERIC ADMINISTRATION/ 

NMFS 

Valerie Brown, PIRO 
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2.0 BACKGROUND INFORMATION 

The following section presents background information including a description of the site and 
the physical setting. 

2.1 Watershed Description 

2.1.1 Manell Watershed Project Area 

The Manell watershed is located in southern Guam in the Village of Merizo (Figure 1).  The 
headwaters of the watershed are located on Government of Guam property while most of the 
areas transitioning into the coastal plain are privately owned.  The Liyog River flows to the south 
approximately 0.5 miles to the south of the project sites and the Sumay River flows to the south 
approximately 0.02 miles to the west of the sites.  The highest elevation in the watershed is in its 
northern area and is approximately 1,122 feet above mean sea level.  The watershed is 
characterized primarily by savannah habitat with limited forested habitat occurring in association 
with ravines and drainages.  The watershed is sparsely developed mostly in flat lying areas 
adjacent to the coast.  
 
The dominant soil mapping unit in the watershed in proximity to the project area includes the 
Agfayan-Akina outcrop association.  The Agfayan series consists of very shallow to shallow, 
well drained and moderately slowly permeable soils that developed on volcanic uplands in 
residuum derived from marine deposited tuff, tuff breccia and tuffaceous sandstone.  The soil 
overlies strongly weathered tuff (USDA 1988).  The Akina series is characterized by very deep, 
well drained and moderately slowly permeable soils that developed on volcanic uplands in 
residuum derived from tuff and tuff breccia (USDA 1988).    

2.2 Project Area Description 

The watershed restoration project area consists of six (6) individual project sites located in the 
eastern section of the Manell watershed (Figure 1).  The combined area encompassing the project 
sites includes approximately 6,496 square feet of undeveloped and unoccupied land 
characterized primarily by grasses associated with savanna habitat. There are no existing 
structures or above ground utilities in close proximity to the Manell project sites.  The project 
sites are accessed through a private land owner’s property that borders the main access road.  
Access onto the Manell sites to perform the survey and implement the watershed restoration 
demonstration projects was granted by the private landowner.  The historical and existing land 
use at the Manell watershed project sites is unimproved land. 
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3.0 FIELD METHODS AND PROCEDURES 

The following section describes the methods and procedures to be used during the field 
implementation activities.   

3.1 Notifications and Permits 

Prior to field activities, EA will coordinate with applicable review agencies and secure needed 
clearance and permits for the project. 
 
EA will provide data to the PIRO Point of Contact (POC) at NOAA as necessary to meet 
commitments stipulated under the National Environmental Policy Act (NEPA), Magnuson-
Stevens Act, and Endangered Species Act (ESA) reviews, including cultural resources 
investigation of project area and sediment sources.  EA will indicate in the preliminary 
Restoration and Planting Plan drawings any areas of culture resources that will be avoided. 
 
EA will identify all governing codes, regulations, and required permits applicable to the project 
and shall ensure the preliminary Restoration and Planting Plans conform to all applicable federal, 
Territory of Guam, and local codes, and shall identify and resolve, where necessary, conflicts 
among federal, territorial, and local codes and ordinances.    
 
The following notifications and permitting may be required for project execution: 
 

 Formal consultation under Section 7 of the Endangered Species Act of 1973; 
 

 Formal consultation under Section 106 of the National Historic Preservation Act; and, 
 

 Coastal Zone Management Act (CZMA) consistency. 
 

These items will be coordinated with the PIRO POC as necessary.  Additional permits, or 
notification requirements, if any, will be coordinated with the PIRO POC prior to commencing 
fieldwork. 

3.2 Mobilization and Setup 

Upon acceptance of the final WP, permitting/notifications, and receipt of notice to proceed for 
field work from the POC, personnel and equipment will be mobilized for site work.  The work 
will be conducted in accordance with applicable federal, state, and local laws and regulations, 
utilizing personnel as identified in the organizational chart.   

Equipment 

No heavy equipment will be required for this project.  The mobilization of the following 
equipment to the project site is anticipated. 
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 Hand tools, such as shovels, picks, spades, machetes, etc. 

 Portable plant auger 

3.3 Preparatory Activities and Restoration and Planting Plan Development 

3.3.1 Vegetation Clearing 

All six of the proposed watershed restoration sites are currently accessible without the need for 
vegetation clearing.  An existing two track and foot trails provide access to the sites.  No 
vegetation clearing will be necessary for access to the sites over the extent of the project, but the 
removal of isolated undesirable invasive plant species might be required prior to planting 
activities.  Undesirable plants may be physically removed.  Natural vegetation growth occurs 
rapidly on Guam; therefore no vegetation restoration will be performed within the foot trail 
areas.  Disturbed areas within the foot trails will be left to revegetate naturally.   
  
3.3.2 Survey 

Six sites have been identified for restoration and planting.  A site survey of the six restoration 
sites will be completed using a handheld global positioning system instrument.  Coordinates will 
be recorded for the site locations, and field data will be collected for each of the six sites. The 
data will include measurements of study site slopes, dimensions of study sites, proximity to 
drainages and streams, visual evaluation of canopy cover and root density or ground cover, and 
presence of topsoil.  Notable geologic features, the composition of existing vegetation, and the 
presence of invasive species will also recorded for the sites.  A threatened and endangered 
species survey was conducted at all six sites and the immediate surrounding areas discussed in 
Section 4.2. 
 
3.3.3 Restoration and Planting Plan Development 

A Preliminary Restoration and Planting Plan for the six identified sites will be prepared and 
submitted to the PIRO POC for review and comment.  The report will contain the following, at a 
minimum: 
 

1. Recommended project features (i.e. dimensions and placement of plantings, specific 
methods to be used, etc.); 

2. Detailed map indicating the limits of the project implementation areas; 
3. Preliminary restoration and planting plan drawings; 
4. Results of data analysis review; 
5. Planting schedule; and, 
6. Results of supplemental investigations/analyses. 

EA will arrange and lead a meeting with representatives of NOAA and other project participants 
as determined by the PIRO POC to discuss the preliminary Restoration and Planting Plans.  EA 
will take notes and produce minutes of the meeting. 
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EA will incorporate government comments into the Preliminary Restoration and Planting Plan, 
Preliminary Drawings and Specifications and Cultural Resources Report and resubmit the report 
for review. 
 
EA will incorporate all additional government comments into the report and will prepare the 
Final Restoration and Planting Plan Report, Drawings and Specifications, and Cultural 
Resources Report. 

3.4 Field Activities and Design Implementation 

3.4.1 Project Sites 

Restoration and planting activities at the six identified sites will include vetiver (Chrysopogon 
zizanioides) filter strip installation and a combination of riparian and understory enhancements as 
detailed in the Restoration and Planting Plan.   
 
3.4.2 Species to Implement 

A variety of native and one non-native plant species have been selected in consultation with 
Guam Forestry and NOAA for planting in the restoration sites due to their ability to stabilize 
soils. Table 2 provides a summary of species and planting locations in the six Manell project 
sites.  Any additional species added will be approved by NOAA and Guam Forestry and will 
conform with the planting plan. 
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Table 2. Proposed Plant Species List and Planting Locations 
 

Scientific Name Common or Chamorro Name Planting Site 
Locations 

Woody shrubs     

Glochidion marianum Abas duendes 1, 3, 5, 6 

Hibiscus tiliaceous Pago 1, 3, 6 

Morinda citrifolia Lada 1, 3, 5, 6 

Grass     

Chrysopogon zizanioides Vetiver grass 1, 2, 3, 5, & 6 

Trees     

Artocarpus mariannensis Dukduk 3, 5 

Cocos nucifera Niyok (3 year) 1, 3, 6 

Neisosperma oppositifolia Faggot 3 

Pandanus tectorius Kafu 1, 3, 5, 6 

    
3.4.3 Planting Methods 

The plant species mix represents a combination of woody, herbaceous, and canopy tree species.  
They are intended to be implemented as container-grown stock of at least 1-gallon size, as shown 
in the Restoration and Planting Plan.  The following sections provide general descriptions of the 
planting methods.  Detailed spacing, installation notes, and planting schedules will be included in 
the Restoration and Planting Plan. 

3.4.3.1 Container-Grown Stock 

Container-grown stock should be well-tended, non-root-bound stock, installed in prepared holes 
with the root ball opened and expanded through careful work by hand.  For each plant, a hole 
will be dug at least 50% wider than the container.  If root-bound plants are encountered, the root 
system will be slitted and flared out over the planting hole, and roots will be pruned before 
planting.  If more than 20% of the root system is cut off, the same amount of leaf area will be 
removed (proportionately).  Root balls will be planted level to, or just below the natural ground 
level.  Each hole will be backfilled with soil and packed well to remove air pockets (NRCS, 
2010).  

3.4.3.2 Vegetation Slips 

Vetiver grass may be installed in slips.  This will involve use of a nursery spade or other tool to 
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dig a shallow trench.  Each vetiver slip will be placed in the trench at the same depth as grown in 
the container.  Each trench will be backfilled with soil and packed well to remove air pockets 
(NRCS, 2010). Slips will be placed at 4-inch spacing and then heeled-in carefully by field 
personnel.  
 
3.4.4 Protection of Installed Vegetation 

Plantings will be protected from weeds and animals or other organisms as necessary to ensure 
suitable plant establishment.  Applying organic mulch around trees or shrubs may help to 
conserve moisture and control weeds.  Individual tree protection or fencing of the entire test plot 
may be utilized as determined necessary in the field to best protect the plantings.  This may vary 
based on individual site conditions and the size of test plots. 

3.5 Monitoring and Maintenance 

Following successful installation of plantings and installation of fencing and tree protection (if 
applicable), and within the first month after installation, the plantings will be inspected for 
proper establishment.  Any damage, distress, insect infestations, or disease will be recorded.  
 
The ultimate survivability of test plots will be measured approximately one year following 
installation by NOAA and/or volunteers.  A count of living stock will be performed and 
compared to as-built recorded installation counts. 
 
Periodic maintenance of new plantings will include the removal of unwanted vegetation and 
debris, which could inhibit planted species growth.  Watering will occur if unexpected dry 
weather is encountered; otherwise, the rainy season should be sufficient for watering of new 
plant stock.  If reduced plant growth is observed, a periodic application of fertilizer may be 
warranted to expedite plant establishment. 

3.6 Demobilization 

After completing the planned field activities, the equipment and supplies used will be 
demobilized from the project site.  All materials and equipment used during the monitoring 
activities will also be removed from the project site following the revegetation of the project 
sites.
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4.0 ENVIRONMENTAL PROTECTION PLAN 

The following sections describe the environmental protective measures that will be used to 
control and correct conditions that may develop at the project site during fieldwork associated 
with this project.  Protective measures for this project will include erosion and sediment controls 
and work practices that minimize damage to site features and adjacent vegetation.  It is expected 
that archaeological and cultural resources will not be encountered. 

4.1 Archaeological and Cultural Resources Preservation 

EA has teamed with Southeastern Archaeological Research, Inc., (SEARCH) to perform the 
archaeological survey/investigations in compliance with the requirements of Guam Title 21 GCA 
Chapter 76; Guam Executive Orders 89-9 and 89-24; and Section 106 of the U.S. National 
Historic Preservation Act of 1966. 
 
Prior to initiating field activities, SEARCH will consult with the Guam Historic Preservation 
Office (GHPO) regarding survey scope and methods and will prepare a detailed Draft 
Archaeological Research Design for review by the GHPO.  A Final Archaeological Research 
Design will be prepared based on GHPO comments.  Field activities will include execution of 
systematic pedestrian transects throughout each of the six project sites and along access trails 
leading to plots.  Shovel test excavations will be completed at identified prehistoric sites and at 
select non-site areas within each of the six project sites.  Identified archaeological sites and 
features will be recorded.  Any identified artifacts will be properly recovered.  Identified site 
types and associations will be assessed and evaluated for significance.  An end of Fieldwork 
Letter Report and Draft and Final Reports including background research, survey results, site 
significance evaluations, and recommendations for additional work (if needed) will be prepared. 
 
Project personnel will be briefed on recognition and reporting of archaeological features.  If any 
archaeological resources are encountered, measures will be taken to carefully preserve and 
immediately report these findings to the NOAA POC.  If archaeological resources such as 
artifacts (e.g., stone tools), features (e.g., stone walls), deposits (e.g., sea shells and charcoal-
stained soil), human bones, and other cultural remains are encountered, that portion of the work 
will immediately cease, and the NOAA POC will be immediately notified.  An archaeologist (or 
designee) and/or the NOAA POC may stop work to allow investigators to inspect the area and to 
protect the artifacts.  The perimeter of the find, as determined by the archaeologists, will 
immediately be delineated with caution tape (if needed) to restrict access to the area of the find.  
No intrusive work will proceed without consultation with the archaeologist (or designee).   

4.2 Threatened and Endangered Species 

A threatened and endangered species survey was conducted at all six sites on 20 July 2017.  
Phyllanthus saffordii was observed in areas adjacent to the identified project sites.  Project sites 
were thoroughly surveyed and implementation measures were carefully selected to avoid impacts 
to P. saffordii.  All project personnel that will be present during implementation activities will be 
briefed on the recognition of P. saffordii to ensure threatened and endangered species will not be 
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impacted during all stages of the project activities.  

4.3 Erosion and Sediment Control 

Temporary and permanent erosion and sediment control best management practices will be 
constructed and/or installed to divert stormwater from exposed areas and prevent migration of 
sediment offsite, if necessary.  The project site will be minimally impacted by use of hand tools 
and a plant auger.  The potential for increased offsite stormwater drainage from the project sites 
is anticipated to be minimal. 
  
Erosion and sediment controls may include: 
 

 Installation of vegetation (sedimentation) barriers where needed, depending on site 
drainage; 

 
 Use of mulching on areas that will be exposed for extended periods (i.e., longer than 10 

days), and; 
 
 Installation of coir logs (mulch or coir fiber-filled photodegradable logs). 

 
During maintenance activities, disturbed areas and sediment controls will be inspected to ensure 
the controls are in place and adequately functioning.  If sediment inspections indicate that a 
control is not functioning properly, the control will be replaced or modified promptly. 

4.4 Dust Emission Control  

Dust emission control measures will be implemented when deemed necessary during field 
activities.  The field activities will take place during the rainy season, and no dust emissions are 
anticipated during the duration of the project implementation activities.  If dust controls are 
deemed necessary, the soil will be sprayed with water. 
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5.0 FIELD DOCUMENTATION 

5.1 Field Notes 

This section discusses recordkeeping in the field, which will include the use of field logbooks 
and photographs.   
 
5.1.1 Field Logbooks 

Field logbooks will document dates, plant species planted, field planting procedures, and names 
of field personnel responsible for conducting the implementation activities.  Logbook entries will 
also include descriptions of the field activities.  Logbooks will be bound with consecutively 
numbered pages.  Each page will be dated and the time of entry will be noted in military time.  
All entries will be legible, written in ink, and signed by the individual making the entries.  
Language will be factual, objective, and free of personal opinions. 
 
5.1.2 Photographs 

Photographs will be taken to document field activities. 
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6.0 FIELD VARIANCES 

As conditions in the field may vary, it may become necessary to implement minor modifications 
to planting as presented in this plan.  When appropriate, the NOAA POC will be notified and a 
verbal approval will be obtained before implementing the changes.  
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7.0 FIELD HEALTH AND SAFETY PROCEDURES 

A Corporate Safety and Health Program Manual and a Site-Specific Addendum for the Manell 
Watershed have been prepared to minimize the threat of serious injury to workers engaged in 
field activities while performing site work.  The Corporate Safety and Health Program Manual 
and the Site Specific Addendum are presented in Appendix B. 
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Manell Watershed -Lidar Map
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